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(54) SEMICONDUCTOR DEVICE AND FABRICATING METHOD THEREOF 

(57) Abstract: 

PURPOSE: A semiconductor device is provided to decrease the 
number of fabricating processes and fabricate a semiconductor of 
high capability by separating a gate insulation layer before a 



CONSTITUTION: The main surface of a semiconductor substrateO) of 
the semiconductor device includes the first and second region 
(TR1 ,TR2) and the border part(BS) between the first and second 
regions. The first gate insulation film (2) and the first gate electrode(6) 
are disposed on the main surface in the first region. A pair of the first 

diffusion layers(7) are so formed under the main surface as to sandwich the first gate electrode. The second gate insulation 
film(3) different from the first one, and the second gate electrodeO 3), are disposed on the main surface in the second 
region. A pair of the second diffusion layers(14) are so formed under the main surface to sandwich the second gate 
electrode. An element separation region(9) is formed in the border between the first and second regions. The element 
separation region comprises a trench formed under the main surface and an insulation film which comprises a part 
embedded in the trench and a part protruding above the main surface. The bottom of the trench varies in depth depending 
on places. 
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separation trench is formed so that the structure of a border part is 
designed. 




Legal Status 



*7fli}^ ^-2003-0003082 



(19) tfl^^-^^(KR) 
(12) *7flJf*1*Ji(A) 

(51) „ Int. CI. 7 (11) ^fl^js: #2003-0003062 

H01L 27/115 (43) ^H^*} 2003^01^09^ 



(21) 'S^tiSl 10-2002-0036635 

(22) 'S^^ 2002'd06-?l28 < a 



(30) -S-^^r^ JP-P-2001-00195673 2001^06^128^ ll-g-(JP) 

(71) «^°] 7}^]V]7}o]A^ S.A]M\ 

(72) Q^z} Jir)-o}v}B\. 

H ^-7m-7>Sf^^.5ls]- D l.Al oj ±2. Y^7] ut*£87}¥-*] V\ 7}o) a^a] v}&_Mf;}v}s% AJ a] E| o] 

<S -g-7>M-7V2}-^ ^.ii*>n].Al o] iJl^Al>i7l ttj-2:87|-^-Al 7] 7>o] A>S.A] «VA51SVo).Sl ^ Ej ^ o| 
^7>l47H4*8_g,2i5M-Al O] 4lJl^Al>i7l a)-3£87>-?-Al 7>0] U>^.2a.B->o]-2l A] S] E] ^ 

of so] n|^s]-f- 

<a^7>u|-7l-2f «g A Jlsf nJ-A] o] ^^^^71 n)-287>-?-Al ;?) 7>o] A>iA] H]-.9-3iS}-o}.B] A] e| E] <H 
<£^7}l^7}2±?$£_2ZisW*\ O] ±JL^^7) 42:8 7>-^- A] ^) 7 ]-ol A>iAl H>_9_3ie]-n)-2l A] ej E] <H 
(74) CflEl°l #^2] 

(54) «V-£3l ^ ZL TflS 



#*l2] HVHSfl 71*2] ^fi<S-gr afll S> 7fl2 <3<34 ^7] * z\]2 <8 <3 AfolS| ^7fl^-G 5L#"^. *I]1 



- 1 - 



^-7]ixj-w-] q-2003-0003082 



&<3<>]H Aj-^-OJL -5-S-of-tr V-g-n- ?>fe ti^-S- S^i}. S^|2| ^Jf^- JjS.-g.ot] ^ol7l- ^olo>cf. 

£ la 

o1]S.e]^ H^a]^, H^l^l. TIMS <d^e]-, 7|]ol;e = yJ-AV^, ±x\ <g<^ 

£ lafe -& ^S] a]a) ^Eflofl avs.^] ^]o] ^jjL i^g. ^a]^ ^^^0)1, r: ^ *j A | ^^2] 

&® «KE*1] #*l<i] 3 7)1-?- Jfe-g- SA]^ ig-^s. 

£ 2a, £ 2bfe ^ aJa] igEfls} "S^H ^S*fl ^7))Jf Jfe-g- £a1*1 ^>3£. 

£ 3a, £ 3bfe z?-zt Tfll aJa] -^Eflofl ^olA^ ^ rj ^2 e^^e] t^e ^.g. 03^. nj-sf £A]tb 

£ 4a~£ 4c, E 5a -5. 5c, 2. 6a~S. 6c, £. 7a~-£ 7c ^ S. 8-8- £ la°fl ^22) ^ g- Sa^ cf<g 

2 9^51 lb^l 42 u^-a. saI?}- 

£ 10a, £ 10b, £. 11a, S. lib, £ 12a, £ 12b^ £. 2a°fl £a|£ ^2iS] *«Hl-§- £A]t}- 
£ 13-8- £ 2b°l] 5L*]& ^2i5) TflS £ Als>. c^S. 

2 14a^ -g- #«^2] 7fl2 a] a] «V£sfl #x]2] ^Tfl-?- «^-g- ^Aj^l ^^£0]^, £ Ubfe- 7fl2 aJa) tgEfl 

si -s^h wissfl #*nsn ^Tj)-?- Jfe-g- 5=*lfc c^S. 

£ 15a, £ 15bfe zj-zf 7fl2 aJa] tgEfls) ^^^ofl ^ Sl£^fl ^7j]Jf- Jf^--g £.a|*1- 

S. 16a~£ 16c, £. 17a~E. 17c, 3E 18a~5. 18c, S. 19a~£. 19c ^ £ 20-S- 5. 14a<>fl £A]^ ^jo) ^fl^ « 0 Vg-§- 
£Alt.V 

i 21, £ 22£r i 14b°l] S.Al^ ^-2l2] 7^ S.X\^ ^^i. 

1 23a, £ 23b, i 24a, S. 24b, £ 25a, 5= 25b ^ 2. 15a°fl 7fl5: SAl^. ^igs. 
3E. 26-S- 3E 15b«i] SA|jg ^-^oj ^3. uj-^-g. S Ajtb 

2 27a. 2 27bfe sq-zl- -S- ^^fil 7fl3 aJa] eH * n ^^oj]«>fl h}.^] ^|o| ^^a. «.zx.o. 

S. 28a~£ 28cfe ^ ^13 aJa] -^efl^) °i^A^ 7fli, 7fl2 «J 7fl 3 9^2] 7flo]E <g^. ,4 

^SAl^^s. 



- 2 - 



3-71^-8} ^-2003-0003062 



E 29a~E 29c, E 30a~E 30c, E 31a, £ 31bfe £ 27a°H i 1 ^^ xfl^ ^-g- <a-ig.SE. 

E 32a~E 32d. E 33a~E 33c. E 34a. E 34b^r E 27b°l] EA^E! t^S] ^2: f}-U-g- Ea^ ^b^E. 
E 35* * t'SSl *1]4 -^EflcHl >£E*fi ^^)^. -?-5--a- E.Altb #<SE. 

E 36, E 37* AA *U -MA] igEflSj ^aIS 1 -f-e-g- EA]^ 

E 38, E 39* AA *U ^^1 «g EfloT] NA ND<8 MONOS^ "flEel H-g- EA]t& cf^. ^7} 3J3.E. 

E 40a~E 40h* AA E 37°i] E^ 9X°]*], "l]Eel >fl LVtI] H € a] ^ Afo]oj ^ 3] 

4*^ T Xi* ^££5 E^ #<3E. 

E 41a, E 41bfe AA *)H a]a| NAND% MONOS^ «>E*ll ^lsl "flEel <ifi <ge? * S.^!^] <3<3 

g- EA)^V cf^E. 

E 42fe *ll4 aJai ^Eflofl ^ tiVt^l Aj-*ls] NOR^ MONOS«8 l£e| Hg- Ea] *V S|££, 

E 43, E 44* AA A* QA ^Efl^l ^tE^)1 AND^ MONOS^ "flS.e)-& Ea]^ cH* f- 7 > S].sLE. 

E 45a~E 45c, E 46a~E 46c, E 47a~E 47c ^ E 48a~E 48c* E 35<^l] EA)^ -7- 2: 2] •g-'gg: Ea]^ 
-&-3E. 

E 49* * t^S) ^5 ^A] ^Eflo]) ^ av £ ^] jgTjj w. EAl^ <£<3E. 

E 50, E 51* zj-zj- ^5 ^a] fgEflsj g^cqoq Hy£*n ^|2] ^7)1-?- -f-e-g- E^a]- ^^E. 

E 52a~E 52h* AA E 51°H EA]tb A>*H SU^H, pflJSLB) -f <g^a}. LV31 H^a^e] <* a}o]s] ^A)^-S.A 
Af-g-1^ ^ &* -72-1- EAltV ^r^E. 

E 53a, E 53b* AA AS ^] ^Efl2] NAND^ Y-n- ^l^lS^ «>E*fl Tjfla.e) -S ^ Je^a]^ <^ 

^g-EAltl^£. 

E 54a~E 54c, E 55a~E 55c, E 56a~E 56c ^ E 57a~E 57cfe E 49<Hl EA]^ ^^9] x\]3i EA|s}- 
E 58* * 1J-321 ^16 ^Al ^Eflofl ^.tt t>E^] ^12) ^Tj]-?- ^-g- 

E 59a, E 59b-b AA A& ^] *§Efl2] AND^ MONOS^ ^SlA ^^)S] ^}S.e] >i ^ J= sHa^e) <g^g- 
EA|*1 cfiai. 

E 60a~E 60d^ S^aI^ ^-£)^-g EA]?}- ^^E. 

E 60e* E 60d TPfl- ^-cfl^l-^ EA)tQ- ^E. 

E 61a~E 61d* ^efls) AA H^^l ^Af -g-e|D-g- Ea]^- ^-^E. 

E 62a, E 62b^r AA E 61a~E 61d°f] Ea]?}- « 0 V^2) §-^l^g- Ai^^W ^E. 

< E^Sl ^<H| -?-^2] 4i^> 



^7iU'-i* q-2003-0003032 



1 : \ J Vii£il 7]% 

2 : *fll 7fl°lH ^"3^ 

3 : A2 Tflole ^035]- 

4, 11 : b-V^- 

5, 12 : 

6, 13 : Tins ^q- 

7, 14 : rti/H.efl'J] SKHf' 
8:^1 H5H*]^Ei 

9 : i4 ^-e) o§<3 

10 : 

15 : *fl2 e^^i^e^ 

17 : TIME ^ 

BS : 331-^ 

TR1 : ^|1 S^*]^ 

TR2 : *fl2 HsH^El <3<3 

t^-S- ^ 7-fl.g. afe ^ 4^0) ^jojE ^<a<2|-§- J}-- HVE* fl #*1 ^ ^ >fl2 a o v> ?H1 ^ 5J .2-S>I, 

O.3. 71 «a i7l 7>^-?l ^£^1 71^ #*1(EEPR0M)S1 tih-t^A), -^21^ U^-s^ofl *l*Hi «r*)*Rr 

MONOS^ EEPROM°l 1tBl*l Sicf. MONOSfe Metal-Oxide-Nitride-Oxide-Semiconductor-g- 7>el7]nl, ^ 
H2-£.^ -tie] a}-- -gel^e]— >£3l- ^e)^e]-«]-S.^-S- 7Vel?lcl-. MONOS^ EEPROlvHHfe WlS.e) 

€21 TJl^lS ONO ^^Hj-oldl al§H, ^S*Rr ^el^ <4^-^-g- ^o^o. 

3. S|-fe- MOS ^olcf. ttJ-51-Ai, MONOS^ EEPROMSl ^l^ofl SZ<^Tr &ir*i ^-9.7> &c}-. 

^"'•l^ 7)|°lS 3 H^fl^l^El-G- £"fr«l"b IW] 5fl°Hfe. TlMH ^<aoj-2l ^ISl^, ollS-el jI^S}-, 

H.S.^1^ °>^121 ^iiefe 37M *]-£- "JHM^ 301 f^Vcf. 



- 4 - 



^■7fl^-Sj 44-2003-0003062 



°1 ¥*HH<Mte LOCOS^ofl ±*\ -g-el-[> -^°n. ^ ^7} 2#Tr-£) 7l] 0 lH ^ 7fl°lS 

^^•-n- <i W}. °1 LOCOSU cfl*}°fl ^4 sje °l-§-£]Jl $icf. H«ffi*l^ ^e^^- LOCOS'?} 

E. 60a~£ 60e°fl ±*} -g-Bl^-g- <>l-§-slH MON'OS <g* r MOS ^"fi S ^^]^ E -|-S- ^-4f5ffe 

H o v ^-a- ^i^cf. <^7]ol]A^ £3) ^1^1°] ^fl-S^-S^iL ^8 -3304363: °1] ^T-fl^ 7l#3}- oJ-^MS., ^ -g- 
el <83 -^^ofl TflolH ^"S^t Thiols ^^..g. cg^sM}. zzbIji, £^°fl Sl.<H*i MC£r ^ <^<3j, PTR-& ^ 

-9-^1, £ 60a°fl £>1 s}. «).£). £o] t 7)^(200)^ i4 £-3 «a^(201)-£- £ 60b°U £>M«- 

«Vsq- £0], $4 2l«l) i^Sfol, S|s. HSfl^^S] Tflole ^^^(202) * TlHH *J^( 

203)-S- ^^^cf. ^X£] Jl, ^ S]^- <8<3-§- 5)]^1^B#(204)».S S-^-cf. 



(200) tf\5LB] 4}9] TflolH ^04^0) ONO^(205)-g- 33?!- ^M), nfl-E-e) -i 71HH 3^r(206)-g- 33*4. 

Tfl^SlW d1)h.21 -S El]^^E#(207)o.S. gal, ^rS S)S. <3<2H 51^*13 °l].E.e) ^ TflolS ^(206) ^ 

ONO3(205)-§- ^slc]-. £ 60cH] £a|^ aj-sq. ^-o] i\]x]+E.%-(.207)-g- ^]>\^t\; ojofl trl-E]-, MOS 

S^liElsl- MONOS "flSLB] -g-frlJ- t 5*4. 



^slH-. °1 ^^Ife Slcf. ^11 ONO^s] l-^<a^ofl ^.^ *e]^ 

3.% ^^o)x^ cl)olE-l jg^sj ^ojol ^cf. 

^12 £ 60d ^3] <5«(TP)21 ^-cflso] £ 60e°fl i^^- uffif £0] 7 ]a$ ^_®?]+&\°\) ^ %o]v±. t)1o]e 



-#7l s^fl-S- « 0 v^ o.s.^i, °il?itfl r 1998 Symposium on VLSI Technology Digest of Technical Papers, 

pp.102- 103, " A self- Aligned STI Process Integration for Low Cost and Highly Reliable 1Gbit Flash Mem 
ories" , Y. Takeuchi et al.j °\]1= Tflo] e |^e}j|. 7]|o|e x\ = ^^^ofl e ix} ^-sl-S- ^^sffe ^)-7] H 
S0*1 4i7> ^^<aol 7l7)]s)cH 5^cf. i 61a~£ 61d-& ol-g-sfc^ o] MONOS^s}- MOS HSS3=iElii- -g-ff-sl-^ *fl 
2 u o v ^2| ^-^-i- 



^-<d, £ 61a»I] H>«r £ol ^. ^fl^ ^-g-g- ^^"SH, oflS-B] a^^- ^(205), s|5.-8- *I(206)-§- 

cf. o]^a^ ONO^(207)2)- ^E]^ ^^(208)-g- ^-^V^ ^^trCr- ol^^l, -I-B^E^o. o)~o)Q p\}o]^ z^- 
(209) 51 D V^H-g- -ael^- ^3^^(210)-a- S)3^Cr. £ 61b<H] h)-^ ^o], ^7} ^-e) e^^( 2 n)i;- 

wVS^l 7]#(200) f <H) <g>a%!-cf. JL^^l ^3e1^ ^^(2l2)-g- ±x\ ^-E) e^^( 2 ii)-0- "fl^Sr 



- 5 - 



^•7]]^-^ -^-2003-0003062 



°]°\*]. 5L 61c<>3l S*]^ *W Ik 0 ). °}i3-§- *]el€- ^ 3^(210) ^-X^o] «f]^l ^al€- ^^(212)-^ C 

MP(Chemical Mechanical Polishing) *£>8£L3, ^^S>^ &<a-g- °1<>H, S. 61d*>H «>s). ^-o] v\ 

^a-g- -asle €^^(210)-a- 3^ ^Bl^olH#(213)-S- 5)^^. o^a), oi].2.E] ^ £.3 <3<*)(2 

14), i*} -S-H] ^^(215), ^ S£)S. i^V ^-e) ^^(216)-S- *8-S*M ^ tIMe ^-g- 7>^-^cf. o] 



*13H 21-°-]-^, #*17> afl*Sljl. ^11 S *02 "334 ^11 «J a!]2 <33 A>olo1lA-l <£ 

°H ^-a-H ^^)-¥--S- i^-sHr ^i^-S- ^£^1 7)^2)-, ^^moflAi ^-7] ^i^^-oi] tgAj-g ?.]] 

1 Tfl^lH ^<a^4. *1U 7l]olH ^<go|^] igAj-g Tfl! TflolE Xl^, Aj- 7 | Tfll TllolH ^-S- ^"Jl ^71 

^rS'SMH *g^!€ 1^2) afli ^-^oq-, Aj- 7 | 7112 oj^ifloflAi ^7] *fl2 time ^^^-^l *fl2 

^€ *1)2 Tfl^lH ^^-4, ^12 TflojE x^-g- A\o]6\] Sf-JL ^7} ^S.^^\ 1^ 7fl2 SKt^, ^7)1 

JfMH i4 <g^-^7| ^e) oj^ o. ^-71 ^S^v)]o« $43 -*7l "A H€ 

51 ^7l ^i^<H]Ai §#«Rr -^^-S- ^<?l#-g- ^71 H ^^1^ Jf-g-ofl a}-^ £0)7} ^S" 



^:^7l-i-^ ^- 7 ^ fto)*], £ 61a~£ 61d-g- ^® ^^r ^r£*l] ^ ^ ^12 

i61d<Hl SAl^-tiVs.sfl ^loll ^<HAlfe, M0N0S S^7l^E^ MOS HSS^I^E^ 7j?i]^ -g-e} <^«(215)2l 
^7)- ^-e) a^lfe, M0N0S "^^ g-el <3 "3(214)21 S^l ^ MOS ^^(216)S1 S 

31*1 a^^^^sm. ^7^]-?- i^f ^^(215)ofl^2l e^^i a-o. ^s. E^iEl <^32l i7j- -g-e| <33 
(214, 216) Sia*l Hlsisfl^ ^cf. 

H^^l ^-B) ^^ollA-l^ 3E 61b2l- ^-ol -iV^-e-S. DB^tb ^, £ 61c2l- ^-o] CMP<>)1 2lsfl nfl ^ ^5l- 

-S- ^^tb^. ^elM-, ^711^-21 S^^l ^71 tfl^-oll £. 62a, £ 62b°fl SL*]® *m H-& 



7111 °fl^^-t- I" ^ SlCf. ^7)1-^-21 E^l^ S-ol g7l nfl^-oll o))^ AVS}-51-£1 7%7\)7\ ^ £ 

62a<Hl aj-s}. ^-o) ^^-^-21 H^^l ^<#^<*} ^^°1 ^3(Q)°I "^^^^1-. ^'SHH 

-8-^ ^-f, °fl^°l ^3°fl^ 3711 °fl*j£l<H ^fl^^ °1 «fl^-°1-7l ^Sfl^fe nfl^ 

^-^7)1 ^£7} SifeC)], AVSJ-3-21 ^ ofq^^Sl CM p ^.^o,!^^ S.^ A] (polish)^£ 7)711 

51 71 nfl^-ofl al-fl-A ^cflAl^lcl-. 



^112 &7ll^ CMP21 # ^ SU^". CMP 21 g ^H] o) : i 1 «-7l- 37)1 ^-ol^ c)Aj (Dishing) ol ^c)-. 

^7)1-^-21 e^^)^ so) u)7l nfl^l cl^Jo) ^o)u)-7l ^4. °1 H 62b°ll £^1^ h>2J. ^-o) r]^o] Btffl7]^ 

^3°)] D 1^ A 1 7)1 »ls ^i^' ^1^717] nfl-g-ofl. sa^]i S ^-§-a- 



0 1^2i §^ii^ t a.^ ^Tii^-21 h^^17>, s^^liEl ^qil- aoife ^-<a#ol]s. -a-^-a->ji =-oi a d] 71^1^4. O) 

71111- 8fl^SVal7.V -S}<^ ^7fl-?-2l H^^l ^-a- #>ll ^Xf §-Bl lfl^-ol X^^cK ol ^ A>olS) ^oj-o) ^-^-g. 

Sfl^l7l m-g-ofl ol Hj-^og. g-afl-fj «fl^-a-l-7lfe ol^cf. ©is. o]Sfl, Aj-o]^- 2^-^ Tflo]^ ^oj^g. ^ 

^Sfl>H^ -ilSl^ol ^"--3}. SS^flA dJ-^131- claVol^ Aj^-g- <y:^ Al - 7 )^ ^ ^ s « ^2- uj-ajol 



- 6 - 



42003-0003062 



•6->7l] €4. 



°1*H. 0 14 44 ^£ 4 ^^2] 4*1 igEflol] cflSfl £<a-2- ^-2:-S>C^ 4 >3 44. ^Jl, °1 43 4 

<3ofl4 7] 2) |-^^ 7]4 ?> 4^4 4fe 4*<3 SL±o<\ cHbflAi^ ^oj JH .g. oljl ^ ^oflnV ^.Cf. 

(7lU 4*1 ^Efl) 

£ lab *]*! -£gE)H HV^sfl «. e -S- £*14 ^>a£o|c}. 



sib, £ 2a, £ 2bb 44 A\ 4*1 'S^Hl 44 45L31 4*13 ^7)14 45-4 £*14 4£51°14. 4 4*1 

igEfla) ^-^i^<y TllolS ^o^^o^ u^s. ^^cfl a}- zfl.g.4 a]- if 7)171- ^ol^- 2#42) S^^l^EK^]?ic)l, « 

*fl2 HSH^l^ <33(TR1, TR2))7> 4.E*fl 7l44°l] e^«}a, 442) ^^1^-(BS)7>, ^4 43 «g^Sl *|4 
S-& #^2) 4*fl 442) ols.(7lll ^ ^12 ^$3^3 <8«?(TR1. TR2)°fl*l2j ±z\ -§-e)42l i§4 4-= 

S) ^iE)4 4°14 34 £44b *Htl. ^z)]A SL3. ^7fl^-(BS)ofl^ -f-^-'M) 45* a°l7> cf- e^^l^ ^> -g-El 

^ £b 44°fl 44 4*)]7l- 4-& 4^- ^4 *!*j€4. 



5E. la<Hl 5=a14 «V£^1 7l°l 4*lb, 4£*1] 71^(1)^1 Hfl*!^ ^fli ^ ^ 2 HS33^3 <g<3(TRl, TR2) ^ oH- a> 
°H] *1$-1*H 4*H1 ^4fe ^7H-?-(BS)il- 4b4. H 313^3 <3<*j( T Ri)oi jnfl47fl e^^i^ei ^ o. 

4£*fl 71^(1)^1 ^^51 7)1 o]e ^034(2)^- JO. 41I7} 10nm~40nm ^5°J 43€- ^^^4. *)12 S 

^l^E) <^^(TR2)ol 7-144711 BSfl^iE-1 <g<*<y ^4, aj-^^1 7|#(1)4<>)1 ^*33b 4<a4(3)£ ^ 4*H 

71- lnm-lOnm ^^91 43-5- 444*~§- ^44. A2 S^^eI <^^(TR2)^1 l£e] 4 <£<3°] ^4, TflolH 
4(3)£- ~L ^v\)7} lnm-lOnm ^£<il ^el^ ^44 SEfe n -f 7))7> 10nm~50nm ^£<U 0N04-5.S. ^-^€4. 



£ la^l #*HHfe, 3^¥ r s] °m ^ 2711-0- *]s. <a^7>i^, 442] ^<g4°i ^ 

£e 7l]o]E *!<£4<>1 -^^1-S- ^-BlaflAl Hfl^]S}.4. ZtHlJl, a_V£;*ll 7l^-(l)^ Zl 4<H| 71^4 ^£^-^0] ^o] 

-<g^£H 9l°)5- ^4. ^1^31 ^^^^ ^^-ofl ^7>s «>£^l 7)^-4 ^"^t! ^£si ^01 -^^ 

Afll H^^liEl ^^(TRl)oflA-l^, Tflole ^<g4(2)4°fl 4# ^^*(4)ol "^^Slll, =L ^ 4^ ^i^-#(5)oi 

Tflole ^^-(6)ol ^^^4. aV£^)l 7l^-(l)^ofl^ ^1 Tflole ^^-(6)^- 4^ ^<y^ ^ 

i/s-efloj 44#(7)oi -^^44. ^Il Tflois ^=-(6)4 i^/=eilo] 44^(7)°! ^11 h^^1^e1(8)1- ^^44. 4 
4 #^-#(4) g 44 4^-#(5Hb -g-5l4^S-# 4-B-44. 



£ la<>fl SAleV ^^-^(BS)^^ ±4 -g-e] ^^(9)oj ^^^nf. 4i4 -g-e} ^^(9)21 S^^sl ^^-o]]^ ^ 

s. .g-s-sfl^i -g-s « «.(io)-§- 4^ -a-^7> % >a si e^^^ ^-^o_s. a°i7> 4^-4. s ^12 s^^ei 

(TR1, TR2)4 <a«4b 44°1H2l -1-4 -¥-^-(10)21 4^ 100nm~10000nm ^51, 44^4^1^ lOOnm-lOOOnm ^ 
£0)4. E.m 71421 44A^4E^2) -g-s. 4^-(io)2l ^ol^ i0nm~300nm 44^47flfe 30nm~100nn, 
^£014. ol ^-o]^ 4^4^ ^ ^)]2 S^^liEl <^^(TR1, TR2)<H1^2l Tfloje ^fls.21 4 -f-^ofl Sl^BflA^ 

^444. SE4, ^7>4e1 <3°49) 7^4^ «..g. (10)2 i 3.0. ^.^o,]^^ ^^^^3)0^ ^ 

44 31Bj4^ *h°mo] °X<lv1, <m^cfl lOOnm-lOOOOran ^£014. 



^t114(BS)o|] °1^4 *1]2 Hsfl^l^Ei <g^( T R2)°llAi^, TiloiE ^^4(3)4^1 44 ^f-di) 0 ! ^45)^1, ^ ^ 
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oil #^#(12)°] *I^SH *U TflolH x}^(13)<>] ig-^t}. «V£*fl 7l^-(l)#ofl^. ^ 2 7flo]H ^^(13)-& 

i3S «M ^<y« 1^ ±i/Hell?l ^#(14)^1 *fl2 t1)o|e ^(13)4 ii/E. Bfl <>} SKV^(14)°1 t!\ 

2 H3H^El(15)-n- S\n ^#(11) S -tin #^#(12Hlfe S.-^ -I-e1^ele# -M"§-«4. a&v, 2j- 

-fsi ssB^iEi(8, 15)5+^1- -s-ei -g^o) ^£21 =^3E. 



£ lb<H] avs^l 7]<3 ^Hl^lfe, ^fli ^ ^12 S^^iEi <3<3(TR1, TR2)Sl t^o] s. Ia4 ^3] 

^"34(2)^] «g^5)Jl. ^^(lD^l *fl2 TflolS ^<a^(3)^o)] *g^cf. ZL^Jl, ^E] <3<*(9) ^ ZL 
^rfls] s]-^ ^^-#(4, 11 3^-#(16)°l *g^sH 7l]olH ^.^ a7)7 } -^^^r+. 

0 1 Sfl°H, 7)lo]e ^-^(17)^r * ^12 H^l^El <3<3(TR1, TR2)2} 7flol.e ^(6, 13)4 ^7)3-2.3. 

^"gs^ SM^r 51^1 5E«-, ^--ffil H^I^eUs, 15)4 ^4 §-e] <3«(9) Aj-o]^ >g £ Sl i4 -g-e} 

£ la, £ lb°H 51 A]^ ^o)]a^, ^7il-?-(BS)°flAi -g-e| <g^(9)el e^o] ^ «.<^ cf^ 7 |. ox-z s.^} ^ig. * 
^-«fl^ 91^ -l-^-¥-(10)7> ^^flSffe d| m^io] ojcf. ^e^, 4i7.} §-21 <§^(9)2l e?JA|Sj a°l51 S?5*liEl 
<^(TR1)^ ^Hl2 S?l^|iEl <3"3(TR2)# -^-g-<HH 



£ la, £ lb<Hl i^} -g-&] <^^(9)s] ^<$°H*] §ej ^o] 7 > -^o>^ °}7l nfl^-ofl. «g=i* nfl^ 



£ lb°fl i^)- <g<*j(9)-#2] TflolH ?-3:(17)^, pH]1 ^ *fl2 <S^(TR1, TR2)2] Tflo] 



£ 2a°fl 5L*m w>£^l 7l<3 ^I^a^, ^1 ^ je^^Ei <^^(TR1, TR2)2l £ i a , £ lb4 ^°^}Jl, 

7§n¥(BS)°\)*\s] £ la, £ ib<Hi s^i^. >a7fl-¥-(BS)°ii si<H^i. am h^^^ei <§^(trd 

#<H]Ai ^<y-4^|-cr ^11 7flo|E ^^H^(2)ol ^>ys]jl, ^]2 S€*l^El ^^(TR2)#oll^ ^^W^- ^1)2 7)1 o)e 
4(3)^1 ^^^4. ^Ti]^-(BS)<H1 SJol^, *)U t1]o|e ^<a4(2)2l -^-^ 35 *02 ^^4(3)^ ■a-?- 

^^#(4)4 -^<a 7.H-S.3] ^^-#(20)°] ^^^4. o] ^^(20)21 z\}2 E^^^Ei <^«(TR2)^2l 
^ *A2 ^1°)^ ^^4(3)4 *<a ^flS-S ol^^, ^ ^^5]-(21)ol ^^^4. ^741^-(BS)^] 9X°)*\S] ^^(20) 
^ afll s^l^tH ^^(TRD^l^S] s)-^ ^^-#(4) ^ 7^12 H^H^l^Ei c g^(TR2)ofl^^ ^ ^^"#(11) 

2] 4-ol-M.cl- ^"4. 



^4 ^"^ °3^£r € §5] -f-°ll^ ^-S-?}- ^S^-, 7fli * 7fl2 HsH^iEi <3*UTR1. TR2)4 ^7^]-?-(BS) 4°1°11 
4. 

°1 ^^lAife >g7fl-?-(BS)^ SSH^^El o^OlA^o) ^1 o|E ^^21 ^^--S- ^7li£S- 71-^-^^, E^^|>- E -| 

<^^S) 7))o)E 7].^. D ^o) ^^Cj-. E^^j^Ej cgo^o,] nl ^ ]? _V D)]J2.e| ^ E ^^]^ E ^ -o] ^T^s]^ ^-f<H]fe, 

n 7flo]E 7].^. o).^l jT3i|.7|. ^7^>C).. S*_V, £ la, £ lbofl u >4 ^--8r ^-^r ^-^o.^. Sjfe ±7f -g-E] «g 
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HBjjl. ^l-f (BS)°lH 7]&o] ofl^sl^l (BS)2] ?i^-#-S- x^-d}*] 4^1. ^l^oH^ 

3^2) ^ ^-^E. S3]*] XMS ^^nj- -^s). §<a«]-7l njl^-ofl, ^ X]-?-(BS)2] 7>?-oi] 7l°]SKr ^ S}7> 



£ 2b°l] S-A]® 7]^ 3-*14Mfe, ^ X]2 S^l^El ^^(TRl, TR2)2] s. i a> E. lb$\- ^f-^SfJl, 

^Xl-^CBSWH^ £ la, £ lb°fl ^-^4 ^olsl-t^.. £ 2a2] °}&7}*)3.. ^ 7fl-?-(BS)<>1) $a°H 

S^l^Ei ^(TRD-^H ^^^(2)o| -^SjJl, A2 BlS*]^Ei <3 e](TR2)#°lM ^ 

w\ *n Tfl^iH ^^^(3)°i ^?i]-?-(bs)°ii 9i°i*\. m ^<a^(2)^ #^(4)4 s-<y 

^-2J 4 zfli ^^(22)ol ^«4. 3 31-^ (BSH] Si<H^1 *fl2 7fl°lH ^o^o^ofl X)2 ^ 

#(23)2] t^S^I m 3^(22)4*? ^<a^(24)-a- <U^-£4. ol X|2 *i^-#(23)£- 

(1D4 jfla. n 



^<34(24)£r OL s]- ^7} z]}2 7flo)e ^^5^(3)2} ^S\^. ^Xl-?-(BSH] Sl^-M *1]2 ^^#(23)-fi- 3- 

22)2) <a^ol] ^^^(24)-& A]-o]ofl ifji x]2 #^(23)°1 3#?14. :2e|al, afll ^ *fl2 #^#(22, 23)^<H] 3 
^ 3^#(25)°1 ^^4. *U £^-#(22), *ti2 3^#(23), ^"3^(24) ^ 3# #^#(25H1 2lsfl XHB 
18)7} q§-g«Ch olE]^ ^<>l7) nfl^-ofl, ^ 7)) (BSHH XHH ^(18)^ ^o]^ X|l ^ XI 2 E«^iE| 
(TR1, TR2H] S-olicf^T)) 



S. 2b°fl «]:5LX) 7l^j #*l^r, ojsj. ^o] ^ 31^-(BSH *1 7flo]E ^ S7 > ^2:5. Sl^ Si^ 

CHI ^-^ ,<: »1 °1 7l^(l)^-ofl »|i TflolE ^o3«K2)3fl-, ^^#(4)4 -f-<a?l s]- ^-Tfl, 2: 

^-S- £xr ^|1 ^i^-#(22)ol ^j^^cf. 3 ^<H1 XI 2 TflolS ^o£^4 ^ ^^^(24) 

-g- A>olo|) ^ji ^ £^#(11)4 -^-atl- ^ ^-fe 7fl2 ^^-f-(23)°l £t!-, &7)q O.3. 

€ X|l ^ 7fl2 ^^-#(22, 23)21 o]-2flofl *fll ^ ^12 Xl<>lB ^^^(2, 3)2] ^7)]t!-cf. 



£ 2b<Hl ^2^)^^ 7fl o] e ^?-3:(18)2l <^]?icfl lOOnm-lOOOOnm «V i &3l«l-Xlfe 500nm~ lOOOnm 

^iEolcf. TflolS. ^(18)21 ^ol^ ^Xl-?-(BS)2l 7pJ- S-^r ^|2 S^l^El ^^(TR2)°fl 9X°]*\4\ ^12 

S ^1^(15)2) ^-olofl ^ ^^"#(4)21 ^-ol<4 XMH ^«a^(2)2) ^o|^- ci tb St«>l 

i4 ^^-ar ^ §-e) ^-oflAi xi 1 ^ *tf2 E^^^Ej <^« (TR1 T R2)4 ^Xl-¥-(BS) ^V<^H ^^^1 

^. 

SE^V, ^X]-¥-(BS)ofl>H 7l^-o] <H1^2]^1 ^i, ^7)l-¥-(BS)2l Xl»]e§ 7>^S>^1 ^fecf. <^l^«fl°> 

« ^^#2] e]- e^i^eis] t)| ole ^^-^ ^^s}. ^<as}7l X|£rX|, ^7)l-?-(BS)2l 7>^-<H] 7)°]«ffe *\ 

*}7} ginf. -q-S] £ 2b<>i] ^2] ^-2-, ^Xl-¥-(BS)21 3# ^3:21 Xl<>lS ^1^-8- ofl^]^ ^-S-7> 

i 3a, £ 3b-fe •& -g^l ^Efl^l SZ<X^2] X)l ^ *fl2 S^^^e^ ^^(TRl, TR2)-g- ^2] TflolB ^^-s] «^ 
■g- OHM- ea]^ ^£0]^. 

3a«^l ^1^- uf<4 ^-o), Till Ssa^iEi ^^(TRD^l^fe ^r2] ^-al ^^(26)^1 alSXl 7]^:(l)^o!l 
i^l- a-El <g^(26) AVolX] SfA ^^(4)ol <g^^cf. S>A ;*i^(4)^°flir ^^#(5)ol ^S" 

# ^1^(5)^^^ £ la, £ lb ?J £ 2a, S. 2b°fl SX°]^ H^-IH- ^§sf«tfe ^«3*K27)ol ^^€4- 
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2. 3b°ij »M *ll2 H 31*1^3 <8q(TR2WHfc -5^21 ±7.} go] «^^(26)°1 #51*1] 

i4 £3 °3^(26) Aj-olofl -5-l-# 3^-cKllW ^^#(HWfe £^(12)°1 "i^cj-. 

°] a^*<12)4H]te £ la, £ lb S £ 2a, S. 2b°fl 5U<>H 51*1 -Q- 4eWfe ^^27)o] -^^^cf. 

£ 3a, 51 3b°11 51 A| ^} affi]- £o), .s. ^a] ^eflofl ±x\ -g-s] <§^o) t)]o1e x^ofl cfl-afl 747) ^tg-*] 0.3. ^ 



oi) cfl-afl 7]-7) o.s i*} £e| H€*l{> *8^*Hr =S^]i(ol«>, 7>7] STI = 3.71]^ sH^cf. n|- 

SM, £7} £2} <g>g_g. c^n] ^<a^o]u|- cH TflolS^ Sl^om ^7} ^ol £ 7 , ufl^-ofl, ^-^7} 3<H5i ^cf. 

TlHS *J<?!^2) -tlSH-g- o^AjZ] ^ $l7ll ^t)-. 



°H*1, % Eflofl ^r5L*1] ^ISI 7115: <a^l© •^ t g^. -f-a, SL laofl 5LA^ 7fl2: tg-<g-§- 

51 4a ^ 51 8* °l-g-*M 

S. 4a°l) 51*1$ Ufa* ^-o], sV£*fl 71^(1)2] Aj-JL^ofl ^^(SLa] 7^Ef)_g. ^^^-cf. o]^^, ^ t$fo]v| jfl 
^ lJS.ofl 14^ ^"asvji, n j£ SI 73 av^.^ ^Tl^tj-. ^|^«fl/i, «>£7il 7l:£(i)#of| ^el^- ^^l 1 ! 

»H^, 5L 4b°11 SLA]?!- «>2l- go], ^®x\^B) <^^(TR1) <^7Hl7-i ^7fl^-(BS)2l *<g-7>^l-& iSell^l^E 

#(30)AS SJ1, ZI 21 cg^2| 71) Ol B § TllolE ^<gB|-i- TflTl^t}. TflTl « 0 >^^- ^ ofl ^ f-2) f-^ ofl ^ 

olH- RIE f-21 o]«j-7j <H1^ ^ c^^ ^cf. 



oH^i, 51 4c°fl Sl^ltb a>^l- ^-<>1, iSBfl^]^H#(30)^ TflTltb ^, aVSlsfl 71^(1) ^^^1 ^Bl^. ^0)1} ^2) 
^ -^21 7112 TflolH ^^5^.(3) * *lel^ ^21 7j^(ii)A ^^^.4. ol nfl, 7^11 E^liEl <^ 

^(TRl)oH^fe. ^ ?m%-(4)^°\] 7112 TllolJE ^^B^(3) ^ ^^-#(11)^1 "^^^ 3# f££ €4. °17H, 
7l]l S^H^l^Ei <3^(TRl)o)lAi2l -S>^ ^^-#(4)4 7112 e^^^eI ^^(TR2)°H^21 ^»lt # 

^ S ^ ^-Tll-a- >M--g-*l]51 «cf. nsluf, oi-s-oi ^<y §^ * j^o^ ^ ^]oi^ *«3o||A) t\]o)^ €^ ^-aH oii^j 



51 5a<Hl 51^1^- u>2> ^-o], 7112 S^l^El <^^(TR2) £ ^7Hl7i ^7fl^-(BS)2l f"?}-^>7;]il- iSell^l^E 
#(31)^.5. §2, 3 2] <^^2J 7,10]^ gj TflolE ^04^ 7)171^. ^|71 U"^^ ^ <Hl ^ -§-2l ofl ^ 

<^14 RIE f-S) ol«8-y <H1^' 5J°l<H5i °1 «fl, ££.efl*liS#(31)2j <U^-7\ #7)$ ^^-#(4)21 ^ 

-¥•011 ^BlTfl ^Cf. oJ.# H^-S- Jl^^>^ 5.SE11^1^H#(30, 31)21 cf^- 21^7> ^^1^ ^-2-21- ^^1^1 3 -f7> 

<^7HA^ ^^1^ ^^--g- oj|s. #<H ^^?!-cl-. ^, *)U ^ ^12 e ^i^i^e-1 o|^(TRl, TR2)2) g-^-21 ^Tfl-^ 
(BS)oflAl^ Tllols tI^o] ^21 ^Efls ^51^- ^nf. 



ololAi, s. 5bofl £Al^. uf2f ^-o), I£Ejl7liE*( 31 )^ 71U dV^£1#(32) 51 ^12 nf>i3^(33)-a- 33 

^11 °V^3#(32)oflfe ofl^tH ^e)^ ^SV^-S- A^-a-Vji, 71]2 °V^a#(33)<Hlfe ofltlcfl ^El^ 'LVSj-eJ-S- a].^. 
^■cf. o]olAi, E 5c 6fl £Al^- uJ-21- ^ol, ±,t\ ^-e) ^^o] sgT^^ «\q 5.S.t\]*}^^ -^(34)-g- 7112 o>^a^(33)^-o1] 
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°}°]*\, £. 6a°l] *U °fi3#(32), *fi2 °>^3#(33)-£- °l a <H3 ofl^ofl 2]gj] zflTj-oH ^-^(BS) 

21 i*} -S-e] <8«H tfl-g-aHr -aj-A 3^(4, id-a. i^Ai^cf. o^ai, e. 6b°l] £>M$ *fl2 

3^(33)^1^1 SH* 3^(4, ll)-a- °1«<H3 S]Sfl ^l^S-cf. 



&°fl, ofl^Slfe 3^(11) «olc^. #^#(4)£ ^^#(20)^.5.^ aV£*fl 7]#(1)^H| ^cf. 5E$, 

SS^liEl ^^(TR2)^-& <$*fl, S-># ^#(11)<>1 ^^(BSH^ <3°13°fl «45l- #^(35)°. 



°]»]*], 5. 6c°D £Al^ u)-.2}. ^-o], ^-a] ^-afl av^sfl 7l#(l)-§- °fl^$i}. ±x\ ^^1^ <g 

^slfe H 31*1(36)21 ^tfl 50nm~300nm ^E, oV^^TAxr 150run~250nm ^Solcf. 

-g-fr-21 37W(BSHH £ 6b°11 £Al*V 3^(20), *d<£?H21) ^ 3-eK35).2.3. o]^^^l ^hsL «U«fl, Siffl*l(36) 
SI ^^-ofl ***(10)7> °l -&^-¥-(10)2l S. 6b°lH ^ 3^(20)21 s]- ^1<4 ofl^J^ ^^ofl 

3€Ml-fe3|. ojl^cfl 10nm~300nm ^E, «>#^3->7fl^ 30nm~100nm ^EoH}. 



B 31*1(36) ^^-S) ?Jo)i e^^^Ei <^cd( XR1 )^ Jf§-2|- *fl 2 e^i^^eI <3<*(TR2)^ ^-g-olH 4^-4 
7flo]E ^^o}.(2)^ *1]2 TllolH ^<g^(3)2l ^ ^*fl2] a}:^*}^ Tflole ^<£^o) tL«.oj^ 

^- #-¥-£1 ?i«H^l^. ^HH^ afli e^*]^ «g^(TRl)^ H 31*1(36) *|->M] So^V, *fl2 e^*]^ <g 

<3(TR2)^ S^!^](36) ^-¥-21 ^^lJicf 5nm~50nm «V^a]Sf7llfe 10nm~30nm ^JE ^ 37fl ^-^^4. °l5i 

•& ^11 TflojE ^^^(2) ^ol *1]2 TflolB ^^e|(3)iLt4 5nin~50nm a>^^*l-7flfe 10nn)~30nm ^5. e}. 

^^]7>-^ ; a7l nfl^-olt^-. o] nfl, 7fll ^ afl 2 ^^#(4, 11)<K) nflsfl ^1 ^ afl2 S^^l^El 

(TR1, TR2)ifl2l HV£Sfl 7l^:(l)-a- ofl^§j-<^ ^ e^^^ei <g^(TRl, TR2)vflofl ^-e] <^^(26)(S 
3a, S 3b ^-2:)^- ^t!- m^W. 



fl°l^, e. 7a<>11 «V2f ^-ol, 41 ^3. a].^ ^ <£!■&( 37 )-§- ^ 7fl-f-(BS)m2l H^^l(36) ?J ^1 ^ ^2 H 

Sfl^l^El <9^(TR1. TR2)msl H€^H °H^«-3if ^-Alofl ^12 "}iaf(3)^ Sl^W ^ 7fl^-(BS)oflx^ ix} 
el ?i 0 l7l- <a=7fl S]<H Si7l nfl-g-ofl Dfl^^ o. o^gj.,^. ol^A-j, £ 7b o1] U)-Sj. ^-0], C MP -f-2l •i'-^^.S ^1 

^H#(32)-S- ^£2)5. -3}<q ^<g-S-(37)-g: ofl^H-cJ-. ofl ^1 ^<a#(37)2l ^a) Ej ^ Alcf. 



ol<H^1, E 7c°fl u>fi). ^-ol, afli D ]. ::;iH< *(32)-a. ;«|| ;st b}^]) 7]^(l)^-9] E.#^Sl ^^ofl 

(5, 12)-g- 3 $4. ^^-^(5, 12)^r cf^^ -Me) E ^ -gel ^4 ^-^ ^ St-$-g-a] 

Slajoi- e^ ^Hl^-21- ^-$#2] cj#s]-o.5. o|^cH^lcf. o]o\x\, 8 °\) £A]$ al-S}- ^J-oj, Tflole ^ 

#-2: 7l-^-Sl-7| I£e)la|iif( 38 )A S1^*H Bfl^-i- °1 "fl. ^ 7fl-f-(BS)<Hl l£!||a|AEf ( 38 ) 

4- #7)*! ^Ji, tr}-e}-Al *^.;go]lAl ^7^1-?-(BS)2l Tflole #^0. afl7H€4- 



fl<H^, £ i a ol] ea1$ «l-fil- ^J-ol, iS.sH^liS^(38)-a v}^3.3. S-V^, ^|o]e al^-g- ol ^ c^^s}oH afll Tflol 
S #^-(6), ^12 7flo]E ?j^-(i3) « ^ <^«(9)-Q- "^^$14. ^. , -^^.S. 71-^-2) cflnlAl-O- SI-^-aI^I 

cf. ojol^, afli 711o1e ;j}^-( 6 ) 51 afl2 7l]olH ^^(13)-S- n 1^3S Sfjl hVE.^1 7l$(l)^o)l S?-t># -g-£S~2- 
SH ^^/Heflo] ^-$#(7, 14)-?; ^^$cl-. ^e)ji, 7flo)E ^i^-^-oi) ^e)|a ^^-sl-om ^s]s aj-^hi- - o) of^ 

3#-a £]2lAl7lJl, 0I5J-O- o>^ 3S -S}C^ 7flo)E alq-^-g. 7>^-6)lE ^Cf. 
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3]-¥-(BS)°fl i*} £-3 «3§e?°l ^^=1^ S la^f -g-a] ^^s] x]^f-o\] ^y 7 } ^t\. 

o]o]^, S. lb°fl ^12: IMB-fr -M^ ^-<4. £ 7c2l ^-^^M-b £ la£] ?2Sl "S"^4 ZL *fl3i 

S 9->H £0], 7)]o] E 7>?Sl-7l SSEll^liE^(38) ^ dtAf ^B^S] ^ 

^■°i7] flfc i£e)l*]^H#(39)-Q- Sl^wM Sfl«a-8- ^^^-cf. o^H, 5L£E)l*)>hH#(39)£-, £ 9°)] StM^ 2}--^ 
b 0 Vs^ *d<3#(37)Sl »S-*S1 ^-iH} ?H ^<a#(37)2l 7fl°m aJ^-#o] afl^^o)] <J-g-ofl.E 

3- *-S--^ £5L4=. ^€4. 



t)MH 3^(6), *fi2 7)HH ^^(13), 7)]oj;e ^(17) S i^l- ^-e] <g<*(9)-S- ^ -f, fii 7> 

^ cflo]*l-G- S|4Al^cf. 0)0^, 7l]ole ^^-(6) ^ *fl2 7flo]E *i=(l3)-§- 4^3. *H, ^S.^ 7l^(l)^ 
<H1 ^-LV# ^°J§}^ i^/JELE)]°l §K>^(7, 14)-fr "3 ^e)€- ^S^IM- 



zz. ^, 5L+]*W ^5*0.14 ^e]-, saje s-g^ ufl A) -.a. $^«fl*i uVje*)] #*]-g- SH^^i}. £o| ^1 

■¥-(BS)7> ±.7.} ^Z) <%<^ O.3. S\o] 7$ °-ofl^ £ lb4 dt7+ ^-B) T^ijLojj cj-^7|- ^-fec|- 



olcHA^ £ 10a<^] £^1^- ^-o], ±.7.} ^ ^^-S- i£efl^liS*(40)-g- *fl2 ^3#(33)^ 

°l«f 2°} -g-^f-s) ^Tfl^-(BS)^] i£Bl)^^H-S- ±4 -g-e] ^>a S ).^ ^7,1 ^c}. ^2 

33)-g- ofl^^- ^, ^ iobo)) £AltV *}2l go] 5LS^]^l^S#(40)a- ^]2 *}^3.%-(33)-g- 

4. c-1 nfl, Q<$°.yJ- ^fll ^ ^12 S^^l^El <^^(TR1, TR2)xfl»1]Ai ^12 n>^3#(33)o] <H|^S]<H 9X1= 

*?-&°] SI**. 



£ 6b~£ 7b4 *^tb ^-§- 71^, >B1 * ^]2 S 3^1^ ^^(TRl, TR2)ifl<H] ^} ^-s) <^^(26) 
(£ 3a, £ 3b #2)-°- ^^^-n)-. o] nfls) ^7fl-?-(BS)^ ^aJ-a e lla0l ] £Al?!-4. ojo^Ai, s. lib*] 
°1, Afll °f^3#(32)a- ^I7H^ ^<H] ^^-#(4, ll)Aj-oi] Aj-A #^(5, 12)4- ^^^4. ^^l 33] 

-¥-(BS)il- Sll^liSS SaI^I nfl^-ofl, 7)1 0]E ^=^ol ^-2:^ Aj-EflS. <d^4. 



o]^^, £ 12a°1] £Al^}- «>2f ^-0], TljolE ^^-A- 7^*]-7l ^ tb SSsfl^|^S^(41)-a- S]^®} 0 ^ Bfl^-S- ^^tbcf. 
fl<H^1, S 12b°fl £Al-^. u).^ ^o], iMe1]^l>iE^(4 1 )-g. ^ ^ole ^f-g- oImJ-aj oll^s>^ ^1 7)) 

o]S ^^-(6), ^112 7)| o]e ^^-(13)-°- *gAj$M}. ZL ^, f-AS 7>^ cflnl^|-f|. ^^-aI^c}.. oI^a^ ?\]o] 

— ^^(6) 51 a))2 7)1 ^lH A)^-(i3)g- oV^as. *f<i|, 7)^(1)^^) aj-A].^ ^-^.g-g. ^ojsh i^/ss)]<y Q 

-y-#(7, 14) * 3^i-¥-(Bs)°)]^2i ^-a-#(42)-a- tiioje ^^aj.o)i ^<$o}^ ^. 



ZL Jf, iA]-5VA)--- ^StP.ul- *l<&n, -S-^S aflA} =-a- «§Ajs)lAi ^-*1Q ^Al^lcf. olfif £0] ^ 

?i]-?-(BS)°)] iAV ^-^ <g^o| ojj! 7))o)e aI^o] ^T^ja S 12bo)l Sa|-^ Hffi). ig^o] 
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^uf. s ^ojE ^-^(6). ^)2 7j]o}S ^(13), 3^(20) 52 #3 3g«t-(21)-&- °}^3.3. 6'H, M!^*!] 7]* 
S-^-g-S- ii/H efl^l SK+*(7, 14)-& °1 3^<>t|£. 7fl°lH §• 

Aflfe #"3 S^. Stb, ^7l]-¥-(BS)2l 7flo]e 7J ofl^ Al^V-a- ^ 544. s=$, ofl 



ol<H^, £ 2b°!l ^12; U 0 v, a-S- -a^^-cf. S. llb^ ^v}*]±= S. 2aS) ^2:2] 7^ ^i)- ^ ^2: « 0 V, S 



*l^e#(41, 43)-& *H, Tllole #q-#-A. o|« 0 V^ cHl^s><^ TflojE ^^-(6), 7fl2 TlMS *1^(13) ^ 

Tfloje ^-s(18)-0- ^fcc*. n ^, ^SJ- f A S 7)^ cflnl^l-g- 3 -Sf- a] -ye)-. o]o]x] t *m ^oje ^=(6), *fl2 71) 
°1H #^(13) ^ Tflole ^-S(18)-0- *H, t>£^)] 7l^(l)^o,] Q+Y%- ^<a*H i^/He,]°J ^ 

a_V#(7, 14)-g- ^A^^vcf. nejji, 7\}o]s_ ^4MH] ^^-el-om- ^e)^ aj-^qj- = 3] ,4^3^-°- sq^A^l ji, 

oisj-a- ^ Tii 01 e ^i^-i: ^t+. 



^, HAlsMfe &50-.2-M- ^^s]-, #&ln, BflAi f~§- ^AjsflAl aV^Afl ^Al-Qcj.. olsf ^-ol £ 

2bofl £A]tV ^^oflAi^, ^Tfl-f (BS)21 HV^Afl 7]^;(l)Aj-o)l ofl ^1 oj| ^ ^ 7 ^ 0 ] AJaI^^ oj^ o^o. ^=^ol 
7)1 o]e ^27} ^Aj^d-. 

Qjal-^ -g-fj-Sl ^^l-f-(BS)^ f^lS 5)^ &7l 7]} o]e 7 ].^. o] ^^cf. o] Mj-^oflAi^ ^ 

7fl-f(BS)2l TflolS ^^.-0- ofl^)^ €A7f ftO-SSL 7}^-°] M.*) , £ 2bofl 5.*)® £ 

^l ^7fl^-(BS)oflA-l 711 o]E *\%- =f-3lS, 51 Ol o^^ ^^-o)lfe, S.*l 7 ].^-ol ^Bl^l^7l ^^-^1 «>1 JjS.-g.-g. 7 }^\ 

^1 °^c>£ Jl^I-71- 3^1-. 

olsj. ^J-ol ^ -s a] -^Eflo]! TllolH a^^oJ-o, ^. =7,) £ 3= o^. a,3. 7 |. Aj-oj^V 2#^ r °1^31 =^^^£1^- 

av£^,i °a<H^, tiioih A^^^-a- g-Hi H^^i ^^°ii ^ ^^iM ^7ii^-(Bs)si ^^-o- ji<lv«-o.^ 

nsjjl 4i aj A | ^EUofl Sl<HAife, Aj-o]^. 2^4f °1AJ-21 TflojE ^^s|-a- wV£^l #*H2l S^^l^E-1 oj« 

°1 ^*Rr ^^-^-(BS)oll SZ^Ai, H^^l ^e) Tfloje ^^-21 ^Aj-j^ «.=.o^ =5.^1^-5- Jioj-svcl-. o]<4 ^-o] 

*H ^151^°1 ^31 #^-t>" =S.A-fl^ oV^loll- ClUfoli Aj^.-a •s^ai^ ^ 

*?■«!, ^ ^Al ^Efl^ ±7} ^-el O|^ o) ^oje ^^-0,1 cflSfl 7.1-71 ^^-aj O.S ^ ^ «V£5fl ^ofl ^ -fi-§-«V 

7> Tflom ^oj^ci s-asi^i e^s^- si<>i sai}. 

^- ^^1 ^Efl°fl ^l-o-l-^, -g-el^oflAi 2, a].^.^ olj^ol g^ji J£Q. 7,1 o|e ^<gs]-5} 4j£l^°l ^-8r 

All nl^Q ^ SX^. ^.eli. "112.B1 A^el TllolH ^<g^o.^ ONO^-S- Al-§-^- ^-o-ofl^ ±x\ S-eJ^oflA-l ON 

0 si- -^-7,171- ^-5<|1S1)a1^ ^J-a- a 0 ^11J- 9X^. 



£ la, £ lb°fl 71 7J1^ ^-soilA-l^, ^7ll-f-(BS)e} S^D^l iA> g-e)^ 7^71- ^5. -«-^-6fl7} sacf. £ 7aoi1 £a]^- a}- 
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H^^l m«*H H«*l ^3 ^^--s- $<g«H 331-¥-(BS) ^"SMH ^&&°] fls -3- 

£}■<;?! ?14. sol ^£ i^V -S-bI CMP W>M c^ sl . 7 ] 34. ne^, nfl^tg^oi ^«g^ sife jjo] o] 

Sift*}?] "8e«q, S 7b°l] S^l^ «>2}- CMP *1em Sl^. olsq- £oj s. 62°fl 



S la, £ lb°lH SS2*]S] 2o|7). Aj-o]-3]. 30.3. ofla 0.4, e^)*]^ ^0)7} 4-^1*1 -f-^l-sfls. ^5. 

-S-Sj-^- Sl^-^ -*7l £4-0- <g-g- ^ STI ^-0- e)3. ^4f7> #4^4*r #4. o]^ 



£ 2a°fl i^ltb ^ofl^fe, 7>^-^s] TflolE ^=o] £ i2a°fl 44 §o] ^Tfl-^CBSHl HSH*)^ 

El TflolH #^.£4 3#£)<H 5-JcJ.. OJ7H, ^^)-?-(BS)S] TflolH *^-g- ^T^^Jl^ 

*1 *\]>\i;}5L7.} e <>$<q<qx\±:<q^o] u)JjL ft<>M HVjEafl 7 ]& 7>sfl7> ofl^^cf. o] 4.^ ofl^-g- wj-xj 

47) 3* 7>§ *>;*l-§. sm^7lfe <H^4- asm, 2. 2a°1] S^l tV ^4 -^Eflofl Sl^fe ^^]^(BS)sl tHHB 3 

t'S. HSH^l^El 7)| o]E 3^4 ^QJ^. otoJ-S OD^SJ.7] nfl^-o)!, ofl^J^ E^j^E-) eg ^ n_V O. a. ^jg^. ^ o} 

iHl 7^ oJ-^-g- ^-g-w] ^ Slcf. 



■£ lb ^ £ 2b°fl £.4t»- ^Eflo)l 5i<^A^, £ 9 ^ £ 10°fl £A)tg- u>2f ^-o) TflolS 7>^-a1<hi ^7^]Jf(BS)€- 5. 
SBfl^l^SS. 3?1|-¥-(BS)Sl «Hl^*l-7l gtf tFcf. ^-^1. 5L 2b ^ SL 10<>I1 JEaI^- ^Tfl-f- 

(BSH^Mfe- Tj^-S] ^-2:7h H^^l^Ei ^^2]- Cfe.7) nfl§<H] S^^A^ 0^0^^ ^6\] <^^}7]7\ o]<$v}. £ 

lb ^ S. 2b«H -& -MAI ^EflollA-j^, ofl^^A E^7,1^E-1 <8^^6.S ^ 7^ D}7JA 



ell^l^ElS. ^17} 4^i, ^-ft- -f-S- -I- ^.9.71- SJo.ES ^^]Y(BS)S1 Tflole ^^_g- =q^v 

^■Tfl « =r 3X*\. S. 2b°fl £A)t}- «>sf ^ ^7fl-?-(BS)2l TilolE ^^--g- ^.7)^ tg-^oflx^, ^tD^-(BS) 

^ TflojE ^^.o^ ufl^ol =L4. °l Til o]e ^^-o) 9}7|4Ai cjiSS ^ 7>^ol ^-§--2- ^ Si 

(^12 *H ^Efl) 



£ 14afe ^12 ^A] ^Eflofl ^.^ ^]2] ^Tj]^- ^-^-g- ^-^£ol4. £ i 4b> s, 15a> E 15bfe 44 4 

2 AJA] ^EH21 «V£^| ^7^]^- ^-e-a- 5EA]t!- ^-^£014. ^. AJA] ^Eflofl ^ °., TllolE 

^^4^ d}. ^ r ^ 1?icH nj. oj. =^ 7l . ^. o] ^ E^lA E |( cfl?ic] ) | ^ * ^2 H^^l^E^ «gq(TRl. 

TR2))7V 7)^ofl #7.fl4jl, ^^]«(BS)7K ^-e) ^«o] qq. £ - ^^.^ ^ 20 |) ^ 

7.}$] HSH*l^Ei <^^(TR1, TR2)o)]^2l igAj- ^^-a) ^ 2: )4 aJ-o]^. ^-g- 

^«>i4. t^*o^ o.s 7j7il-?-(BS)^^ -¥-§-01] 4^ a°l7V 4-& ^4 *§^£4. 



£. 14a<H] £Al^V HV£Sfl 7]<3 ^-^1^, «V£.*)1 71«(1)^<4I m ^ ^12 e^^liEi <g^(TRl, TR2) ^ ©1© 

Ifl^^l **M ^-ol-fe ^^)-¥-(BS)-5 ^4. ^11 Hsfl^l^-Ei <^^(TRi)o] ail^Tj e^4^ei <^^°i ^ 
7)^(i)Aj-ofl ^-^^^ tIHje ^<g4(2)^- ^^7> 10nm~40rcn ^]Ble ^4^-5. ^^^4. *H 
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2 iiSS*]^ 2j^(TR2)°l *1*i 0 J-7fl H 13*1^3 <32j<y 3^, >&£*il 7l^(l)-tf°i] <i^s]^ tIMH ^<a^(3)£- ^ 
^*}7} lo~10rjr. ^S<?] *1e]€- -a-Sj-^S. m H^l^EJ «^^(TR2)ol <fi <£^o] ^-2-, tIMe. 

ti^^(3)-& ZL lo-lOim ^Stl HE^ Zl ^*i]7> 10rcn~50nin ^S'J] ONO^-O-S. 



t)HH *1<3^2] ^-s- tel SH*1 nelji, aV£.3fi 7l#(i).8- zl °>oi] 7]#3} ^x^s} ^o] ^ 

*§^S)°1 Si<HS. ZXB^Jl ^51^2] ^^ofl ^7>S. 71^-4 -i-U^ 15121 ^o] <£^£H 

^s\o] m 7)1 °is ^^-(6)^1 '<g^€^-. #£*n 7i*(D^oqfe xni ^oi^ ^^-(6)-s- s-h ^ 

SK]-#(7)°) ^^^tq-. 7fll 7flole *i^-(6):4 ^-i>^(7)ol *fll Hs3^1^El(8)-0- ^t^. *> 



£ 14a°l] £A]tV ^7fl-¥-(BS)oflfe Hiffl*l*8 ±*\ -g-sl «?|«1(5<»°1 ^?lcj-. ±x\ g-E) ^^(50)21 H 35*1 2] ^ofl 
if o>eflS. -g-^-sH^l -g-S. -?-^-(51)-a- &*}7\ S^l^m J r'§r^ — ^- a»l7> 4^4. JUll 5 ^12 H?H*]i 

E) 2j2*(TRl, TR2)-& <a^-o-l-fe IMHM 3 ! -g-s- «.a.( 10 )e] ^-£r lOOnm-lOOOOnm 100nm~10 
OOnm *l-¥-2l ^--g- £] -g-4-j. -*f-§-(51)2] ^oK^o])^ I0nm~300nm 

30nm~100ran °1 "ii^-SHf *U ^ *fl2 B^l^El <^^(TR1, TR2)ofl^2] Tfloje ^g_2\ ^ 

tf-XM sl^sflAi at!-, ^-el <g^(9) 7^ o) o>efls -i-^-sfl^l -?--S-(51)2] ^-^ Tfla ^^-H^ 

j.efln)S] 5># 31^5>^ ^-<^S]<H 5U^-°1, ^l^cfl lOOnm-lOOOOnm 'gS.^cf. 



°fl ^ €^#(12)ol ^^5]<H ^12 TIME ^^. (13 )ol ^A^cf. hV^I 7l^-(l)^ofl^ z]}2 TflolS ^^-(13)^- °> 
i3S *M l^" 3 ) i^/^2fl^l ^-a-#(14)o] '^^^4. ^12 Tfl^lH ^^-(13)^- ii/Sefl<?l ^#(14)^ ^1 

2 SSH^liEKl5)-S- ^^tl-c}.. S}^ ^i^(ll) « ^^#(12)^)^ 2--^ ^o) ^V-g-€^. 



£ 14a°1] ^£2] -g-el <g^(50)o) ^7il-^(BS)2) 2)-^ HSS^iE-] 7\t?\^ 

(BS)21 ^° 0 H1^ zl aol7> scf. §-Bl vfloj-ol sj:^cf. o] ^e) <g^^ ^^-fe °l^s>fe H^^li 

"^^(50)2] Hiffl*l2) T-^o]] ^>7]- SZ^, i7f £e) <$*\ 7.^9) ^0] 7 > 7fl 1 i=. ^] — E] ^^(TR1)# 

7fl2 B^^]iE| ^^(TR2)^- <H1^ 5nm~50nm «l-^a]sl-7fl^ 10nm~30nm 4scf. o]^^. 7)) 

°1H €^"4(2)01 ^12 7)1o1e ^<aa}-(3)a-'4 5nm~50nm ^S., «V^-a]*l-7fl-b 10nm~30nm ^S. ^ -f-7))7> -^^7] 
°fl^°)cf. 2|-f2) I^)iEl(8, 15)£f ^e] ^^(50) A>oioii ^s.o] -g-e} ^^-g-^^^^a o^cf. 



£. 14b°fl 5.*]^ 7l^ ^H/.^, «J S. ^) — E-) <^«(TR1, TR2)2] £ i4 a 2}- ■^ < a-a)-ai, ^ 

^l^-(BS)ol]^2) ^^ol E i 4a 6\] s.^-^. ^-o]sVcf. ^4 ^.sl <g^ (50 )2l ^2}o|H ^i^-#(4)ol ^11 7)1 

°m ^"3^(2)^-011 -^^=151, o->^- *D2 7)]olH ^^^(3)^] ^^^1^. Z1E)J1, ^t-V ^-el ^21(50) 

^ ZL ^2)2} SV^ ^^#(4, 11)^-0]] ^ #^#(16)°1 ^^S)^ 7))olE ^^(17)71- 

°1 ~f"*<$ °fl Tfl^e ^^(17)ir ^11 ^ ^]2 e^^I^e^ <gq(TRl, TR2)2^ 7\}o]s ^^-(6, 13)^4 #7\q°.S. 

ja^^^l S^-, 2K-2] S.®x}^(.8, 15)2f 4i7f ^-e) ^2^(50) Aj-olofl ±7} «^ 
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£ 14a, S. 14b°f] ^]^t TM3«HHfe. ^^WBSHM ±z\ -g-e) ^^(50)31 e^)s]o] ^)«.ofl ^> 7 ]- ^-tf) of 
EflS g^-sfl^ 5U£r -g-s.« (51)7]- c-fl J^M ^cf. n^i, -£-5} °§^(50)2} m_®x}2] *fll S3! 

^^(TRl)-^- *1]2 S^^l^ei <3^(TR2)# -¥-g-°iH ^ 0 lS>^. °1 i^V -g-e) ^<^2) ^Jf-fe 9j^*Hr 

±7} -g-e] <3 21(50)2] #°<H1^ ^ ^-e) ^oi7> 3<H^ 5U7l nfl-g-ofl, £-5] <3<32] *]-7l] -H^si- 
tfifc g-B] ifltf-g- oja ojcj. ^ ^^o] e ^l^el ^tWCBSHW ao] 7 ]- 

«l-oH S3!*] -=--§- §71) *H ^ Sicf. 

zielJl, S. 14b<H] £a]s]. ^jq. ^-b] ^^(50)^-0] ^jolE ^2(17)h ^i rj ^ 2 HsH*l^El °§ ^ (TR1, TR2)2] 7)1 
olS ^2]- *«a*>7l nfl-g-o!] 7}-§-ol -g-ol^cf. 

£ 15a°fl £^1^- aVtsfl 7)0} ^o^fe, ^! oj ^ 2 ^x]^ 2j«(TRl, TR2)2] ^oj s_ i 4a , £ I4b2]- ^-°J 
5>JL, ^Tfl-SjKBSHHS] ^o] £ 14a, £ 14b°fl Ha]^ ^oj^cf. ^ 7fl^-(BS)«Hl^- 71^(1)^.2.5. 

3]-JL ^S.«(52)7]- ^^^cf. 

g-2] ^^^8- € -l-oll^ iiii-*V *1]1 ^ *fl2 S^7lA E ^ <g<*j(TRl, TR2)4 ^7fl-?-(BS) ^«>H 3^ 

<}. 

°1 =§ A cHH^, ^31-?-(BSHl £ 14a ^ £ 14b°11 5]^ £-e| ^-g- 

&7] m^ofl 7>^-o] -g-ol^. 

£ 15b<>ll 5^1*1 HV£^)] 7l<3 ^oflA^, *fli e^^e] <^^(TR1, TR2)2] ^o] £ 14a, £ 14bQ ^ 

*}3L, ^Tfl-f (BSH"*12] =f-^o] 14a, S. 14b°fl ^-c>l3>cf. S. 15a^ ^ZiQ v}?):7}x}S., ^^)^-(BS) 

i*V-g-iM ^^Sl'H Sl^l ^cf. ^7flJf(BS)°l]ir 7l^-(l)^-<Hl ^i^-#(53)ol ^i^- 

^(53)^8- ^ ^#(5, 12)2f ^°J*V S^ol a, ZL ig-o|i=. ^=-#(5, 12)2f ^<y*l-cl-. 



at!-, €^#(53)S1 ^11 ^ ^112 Eiffl*]^ ^^(TRl, TR2)^- ^^<H]^ ^fll S ^12 £^i#^(54, 55)ol ^^^cf. 
^11 £^^^(54)^8- SV^ ^i^-#(4)2|- ^<at!" 3:^o)SL, ^^-#(53)21 =-#-*ffil- ^]1 TllojE ^«g°}-(2) *}o)d\} ^ 

°fl ^^^cf. <^]^t!r nfl-g-ofl, ^7^1^-(BS)21 t!1o]e ^2.^ fe ol^ *fli «i »| 2 HSfl^liE-l <^^(TR1, TR2) 

Hia)^^^ ^oi<q. -^'ygfl^^ 



^> ^-el ^^-8- € g-e] -f-oflAi ^^.t!" ^-f, xfll S *fl2 M^l^El <^^(TR1, TR2)2f ^X|^-(BS) 

i 15b<Hl £A]# «>£X1 71^ ^-^1^-, ^-o] ^^^-(BS)ollAi ^^(53)<>1 a>£Xl ^js>^ -Sf-g-o) ^ 

^ ^•^ 1o l Sacf. 3E^, ^^l-¥-(BS)^lAi ^^(53)2] <#^o{}±= m ^ ^12 7flo)H ^^^"(2, 3)2] <^^o| ^ 

£ 15b°fl H^ltV fii^^ ^7l|-f-(BS)<i^ 71^-0] ofl^s]^ ^7fl-f-(BS)2] ^^#-g- ^fl 7] sf^l ^^cf. 

Si®, €- "€^1 ^EHofl $i<H7.^ ^2- §-^<HlA^, TflolH ^Dj-Aj-ol] ££^l^|iE.g. ^-^ o] §171 t4]§- 

oj] Tflole ^03^^ >t!Sl^-a- ^ A ]^ ^ ^7,) jgcf. £ l 5b ofl £A)^ ^22! ^7ll-?-(BS)^Aife Tflole 

^^-a- *l-7l 2]5fl ^7^1-?-(BS)2l ^-2:21 tHo]s ofl^^- ^ A7 ]- ^-p-o] 
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a]a| 5fl°W3c, *0l ^^1 -iEflsf D >sV7M£ E 3a. E 3b°]) Ea]^ 5Hr4. Tfloje x^o] -»-e] 

*H]Ai TUolH ?i<g^ ^fcO.£ §<H'Kr «7l nfl^-ol), ^x]. <3^cJo)] 7 j Ag S«^1^7> *g^5|fe * 

x]«J.^ Hti*l^E)ft 3Mi*JHI *r Sic]-. ^>7l xj^cg STI ifl^SM -£3 ^.g. ^v] *i 

°H^, «^ >&E*fl ^12 »s-»aa] <yeim -f^id. £ i4a<H] ^2:2] xfla a 0 v^-s- 

£ 16a E 20-S- °l-§--o'H ^^^-cf. 

2. 16a°fl S.A)-5j- u><4 £0], aV£3fl 7l#(l)S} -#E.i£o{} $\*§ 4fr4-«K£Al $4*}ch °)°]*\, £-£-g-°]4 

4 ^5*4 7fli 7)lo]H *i<34(2) £ 4«^ 4# #^#(4)-&- ^g^«t|-. 

<>HAi, E 16b°l] EA^ afa]- ^-o], 7fll e ^*|^Ei <5^(TR1) ^ ^H*] ^7fl-?-(BS)2l f^WS ISJll^il 
#(56)o.S. a 01, 3 2] <3^S] £ 7fl°lS. ^l^tbcf. *Q7l #^ 1-2] f-ig-Aj ofl 

<>14 RIE 1-2] o]« 0 v^ ofl^i ^ o]^ ^olo]^. ^cf. 



<>1°H. 5. l6cofl Hj-S]. ^-o], aV S sfl 7]^-(l) ^^<H] ^b]s. <+^-B]-o]q. ^e)^ zJs^ ^-s] ^ 2 7)]o]e ^ej- 

(3) ^ 4^ ^E]^ 1-S] s]-# #^MKll)-& ^^^j-cf. o] m, ^]i e^^I^e] ^^(TRl)oflA-]^, sfs- *L^-#(4)aJ- 
°fl 7fl2 7flo]E ^<S4(3) ^ Sf^ ^3zSL €4- *fll HSH^l^Ei <g <3(TR1 HH 3] 

3^#(4)4 *fl2 S^^liE^ <^^(TR2)^^S] ^ ^#(ll)£r ^Vo]^. «! e| A>-g-g|l£ ^c]-. 

0]-l-0] ^-^ ^ ^-oj n}- -^]o]^ ^^.^^A^ 7]10]E ^^.-g. ^Ajo]] o]) ^] S> 7 ] 7> ^ Cf . 



°]oH, E 17a°fl H >sq. ^-o], ^] 2 SsH^l^Ei <^^(TR2) ^ <^7]^a^ ^t^]^-(BS)2] ^«y-^]# isefl^^e 

#(57)<L5l m^l, 3. S] <g^fi] ^ole ^ole ^^°]--g- ^]»t!:cf. ^7] ^ o. ^ ^-jj - o] -« o v^ ^ 

*1»4 RIE -f-2] o]w c VAj ol]^ ^ o]^ ^o]o]£ ^c]-. o] ofl, ££E|7]AEf(57)2] cj«. 7 > ^ ^i^#(4)o] ^. 

^.oflA-] ^^^lE^- ^, ^111 ^ 7fl2 ssyUliEi <g^(TRl, TR2)2] ^-^-^ ^7^]-?-(BS) sV# 

(4, 11)°1 -5L-T - ^]7]S]o] tiV £ ^)] 71^(1)2] a^o] ifjlia ^-c]-. 



£ i 7b o)] sa]€4 h><2]. ^-o], ilJ|]xliH|( 57 )A * D >^ 3 ^(58) * ^]2 n]-^3*(59)-a- S) 

^^^i, £ i 7c o]] £a]^ a]-s]- ^-o], ^]. §s] <g^s] 444 SSe]]^]^H-t'(60)-a- ^12 °>^3^(59) 
aJ-o]] s]^]-6-H rhA> ^-e] b])^^- ^Aj^d- i££^]ie^( 60) o. «-e] <^«ol ^s|*i o>o. ^-^^ ufl 



°]^, E 18a<>l] EA] SV aj-sf ^-o], i£sfl^]^H#(60)-i- o)-g-»V<^ ^2 °}^3.%-(59) * Jtfll n>^3.#(58)2] ±7.} 

°1 ^St7l nfl^-ofl ofl^ofl-b «VEAfl 7l^r(l)ol O-S E#^cf. Ol<^Ai, £ 18b°1] EAlt!- u]-2f ^ol, 

1 °V^3#(58) ^ ^12 ^H#(59)ol 3)^5\o] ft*] 2££r ^-g-2] ^^-#(4, 11)-°- *>1»JH§ °H^°1) 2]sfl ^^^1- 
4. °1 nfl. ^7fl-?-(BS) ^° 0 M]Aife «V£*fl 7)^(1)0] ofl^S]ol ^S.^-(44)7> ^^^c+. 



W,£ 18c<H] EAl$!- Hl-24 ^-o], dt^f ^A^-g. oj-afl a}-^]] 7l^;(i)-g. o)]^^-cf. ±x} °$<$e_3./.l 

•&E*fl 7l^-(l)^s1 H^^1(61)21 Slol^, ^l^cfl 50nm~300nm ^E. mV^3]6-1-711^- 150nm~250nm ^E°l 
4- &4f-2] ^t)1-?-(BS)^- E 18a<>ll EAl-a.1 nfl^-o)] B^^l(61)2l ^-?-<H1a-1 o>Efl^. -g-s.^. ^aJ.o. s ^tj._ .M.ja.«. 
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S] £*Kr S. 18a<H]<M Sl-A 3^(4, 11)S] ^ ^aj. ofl^s} 2;^^ slS-^cfl, I0rni~300rai 3 

H. 30im~100aTi =9£o]c}-. 



E^^( 61 ) ^^.o] £ol£ n^^l^Ei <g<3(TRl)^ A2 HSfl^l^Ei <3^(TR2)# -?-§-<^^ cfecf 

al7HH^r G^^^El <S^(TR1)^- S^^](61) li°l7l- 7fl2 HsS*liEl <3^(TR2)^ ^^1(61) ^-f- 

S) ^oliicf 5mn~50nm ^H, *}&z]S}7\}±= 10nm~30nm ^ ^Tfl <§^e}-. o)^ °- 1 TlHS ^^(2)01 z\] 
2 7flo)E ^^^(3)214 °| ^^i]7> ol nfl, xfll ^ *fl2 S)-^ ^^(4, 11H1 cflsfl *>7l °_3. 

m ^ *fl2 H?i^iEl <3<3(TR1, TR2)vfl2] tiVS*)) 7l#(l)-g- oi]^S|-<^ x\]\ ^ ^2 H ^^eI <g^(TRl, TR2)vfl 
°fl £-el <3<*(26)(£. 3a, S. 3b #20-2- $1 S S3*l-S- ^tbch 



olcH^I. £ 19a°fl u>af £oj, ^e]^. ^Vs^ f-a) ^<?M-(62)3. ^ 7i1-¥-(BS)msl >=<5l!*l(61) ^ ^ «j ^ 2 H 

^^l^Ei <3<*(TR1, TR2)vflS] e^i^.q. nfl^sl-ji, CMP §-£] *SI °.3- Xfll i4^3^(58)-§- iS^S *M ^^#( 
62)£- °H*1, £ 19b°fl £.^1^- M>S]. Ig-oj, D>i=L^(58)^- ^]7Htb ^, •Jt^fl 7m(l)sj ^ofl a^ 

3^#(5, 12)-S- 3*1 £4- 3^#(5, 12)-8- Efe ^ ^e)€-4 

°1S 71-^-51-71 i£elMl>iE^( 6 3)^. s]al*V^ t||o)h 3^ nflll-§- 



°}°]*\, £ 14a«=fl u><4 ^-ol, S£efl*l^S^(63)-g- »fi3i *M, t1]o|e *l=f>-§- o]« 0 >Aj ^^S>o^ *)U 7)] 

°IS #^(6), ^12 Tflole :*|^(l3)-g- ig^i&v±. zl ^, 7>?-Sl cfln^l# 2)^-Al^)cl-. ol^^, gf-AVf^ 

^-^-i-a- 4ii/SBll<a ^V^(7, 14)-t- °1 ^7ll-^(BS)^l^fe efl^H^-i- ^-71^1 ^Jl, ^741 

-?-(BS)sl Tflole ^^-o. ^i^^cl-. -g-^., Tilole ^^-ofl ^e]^ ^sj-^om ^e)^. a}-^.^. - o) 0 j. iH *_o_ s)^ Al 
71^1, o|?J-S- v}^ Tfloje 7^511 £ ^Icf. 



nel3i, s.Ai-a-^1 ^0.14 ^.^H 1-elzL, Hfl^H -^-g- ^sflAl aVi^fl ^l-l- ^Ai^icf. oisf ^-o] ^ 

711 -¥-(BS)<Hl i^V -g-s] ^«o) <g^Sl^ ^-f^-fe- ^7(- ^-e] e^^sl ^ "-^ -3-^-^(51)5.^ cj^7> ^fenf. n 

XJt}. ol £ 20°I] -EAl^ a>al- ^-ol ^ a ^o]] ^^-(64)71- ^^1}. 



ol<H-^1, S. 14b<>ll £^1€ ^-3:21 ^2: « 0 v, a-a- ^^t!-^. i 19b°fl £^1^ ^-^^lfe £ 14a°fl £*1€ 7fl2 »g- 

^4 -^USM-. ^71 Z]]2: ^^Of)^^ 7)|C»1H ^ 71-^g-Sl iSell^l^E *A ^^^.(BS)^^ 7H^-5l-b 

^710)]^^ ^7^1-?-(BS)o11 iSiHlAl^E^-g. ^71^ «o V, a o l ol^-^Cl-. ^, £ 21°fl £^1^1- HVSl- ^©1, -£-:f r o] ^ 

7ll-?-(BS)<H] i£5l^li£t(65)-& ^7|^ 3fl)^^- a).^.^. <^1 ^, H^^l(61)2l ^-iLtf sq^ofl iS5fl^l^#(65)2l 



S 14b°11 «W aSeH^lie^( 65 )-g- u}^3_s. 7\)o]^ ^^--g- o}^ o\)^^ ^1 ^o) 

— ^^"(6) 3<2 TflolB #^-(13)-a- ^^ t!-^. °\ "A, dt^l- £-51 ^^(50)31 ^^<Hl^i ^^-#{4)-i- Tflol 

e ^°3st(2)^l ^7)31, S"V# ^i^-#(ll)-a- ^12 TflolS ^^B|(3)^ =L^lSL, <3^(50) ^ n 

^^2] ^q-^(4, 11)M ^^(16)-fir °.S.^1 7)1 olH ^(17)7> ^ ^, ^3^- ^-o S 

7>i'-Sl cflu)xl-n- ai-^Al^lcl-. o)olAi, hV£*H 7l^(l)^o.s. ^vrR-g: ^<?J-a>^ 7fli H^^l^El ^^(TRl)Sl 

i^/HEllol ^#(7) ^12 HSH^l^El <^^(TR2)21 4ii/=eil^] ^#(14)-S- ^^^"4. OLS]jL, 7\}o]B. 
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°) £ 22°fl HAl^ ^©1 ^-S^oH i ^ (64)71- ^^S)J1, ©1 .£.-=--?-( 64 )-0- "BU^M €^ 

#(16)°1 

oH^1, £ 15a°fl 7fl2: «g^-g- ©1 ^213] t.]}^ « 0 »ij£- £. 17b*}*l2j S. 14a<>Tl 

°H*1. £ 23a°l] S.*}® u]-af ^o], ^} §s] ©J^ <g^-§. 3 ^ iS-Bfl^E «( 67 ).p- *fl2 4i3f(59)^o|| 
^-cf. *112 <4^3#(59)-S- °fl^<& ^, 5. 23b°l] £>M$F a>Sf £ol iSefl^iS ~( 67 )A- afl^SH *fl2 °V^3. 

#(59) i^-t^l?!^. ol nfl, £ a1-s-M^ QftSL^ *fll ^ ^12 S^l^tH °j°4(TRl. TR2)HH*1 A2 *}±3. 

#(59)°1 ofl^SM 5U£r ^-S-ol 51^. 

*1<>W, &S] £ 18a~i 19asl- ^-g- ?1*1. *fll ^ *fl2 H^l^el <8<3(TR1. TR2)MH £-3 <3<3(2 

6)(E. 3a, £ 3b ©1 "fla) ^ Tfl-HKBSjSl *f^-§- i 24a°fl £^1^. ol^A-1, *fli ^3^(58)3] 

^S<3°fl #7|]SRr -2.^(68)^1 *fl2 o>^a#(59)ol ^fet}. 

<>1©H. £ 24b°fl S.^-ltb ^-o], 7fl2 d>^3.#(59) ^ D >^3.#(58)-&- 2fl7lS>ol ^^-#(4, 11) -tffi'S 

« aVS-Sfl 7l*(l)Sl ic#7.]^ ol§ #-^#(5, 12)-§r fl^^t)-. <>1©H. 51 25a°fl 

£°1, 7flo]B ^-g- l£efl^liSt(69)§ #^#(5, 12)^^1 



©1°H. £ 25b°fl S^M «V^4 ^©l, i-£ElMiB#(69)-£- "li3£ °fl^'-I- ^lSM *fll 7)H;e ^^-(6) «> *fl2 Tfl 
°1H *H?U3)-& *§W4. ^ ^, ^-tifl- 7>^-2l cflDl^l* sj^-Al^rl.. o]o]*\ t 7l^b(l)#o.S. 

^°j-o-loi ^1 H^^l^El °|^(TRl)2l dii/H.Bll'a 2KV#(7) 5? ^12 H^H^l^El °J^(TR2)2] ^^/B.z]\ 

°j ^-a-#(i4)-a- ^^a^. ©l *^«*q^fe ^7fl^-(BS)s. ^ *%&°\], mi ^ ^12 h^^i^ei ©j 

^(TRl. TR2)21 ii/=efl«?] n<&%-^ ^#©1 ^7il^-(BS)^l£ =L?]SL, ^7fl-¥-(BS)§ iMefl^l 

g-g-o.s.^1 i^/^efl<y S)-a1-#o| ^^E]^l §£a ^jcf. 



°lSf ^°1. ^ 7^1 •¥•( BS)7> 4:^1- ©J940I o>qji t Tfloje ^=0] ^)^^ ^o.o]] fe£ 2 5b°fl w>s+ ^ 

^151x4, ^7fl^-(BS)fe TIHE ^^-o] aJ.5E.Sfl 7l*oJ aj^ ^§l-7l nfl§-ofl ofl^Sl ^d^ul-2- ^«)-7l7> <He} 
^ri^l °fl^€ ^-f^ £ 15a2l ^^S. ^cl-. ©1 ^-foflj: Tflolje ^=ol ^-o> oj*l 0^7] ^^-ofl, ^o) 

°1 °1 A i , S£ 15b«Hl 55. 7fl2: H 0 v^-g- ^<^«}-cl-. 5= 24b^2l ^-^-g- 5£ 15a°fl 5.^1^ ^fls Uo'-'aa}- f- 

■asici-. 



°1 °1 A 1 , £ 26«(I £Alt!r «V2l- ^©1, ^ ^#(5, 12)Aj-ofl afli « ^fl2 HSH^l^Ej ©J«(TR1, TR2)2] Tflole 
S ^7fl-^-(BS)2l Tflols ^-2- -^-^5171 2jtl iSefl^l>iH#(70)-a- ^^-^(BS) ^^°fl^ 5.=-¥-(68)2i 

cl- 5)^o.s ^<Ha]5£S. iSefl^iH^aoH 5E. 15b°fl S.*]® «V°+ ^©1, 5.Sefl^iS#(70)-S- 

°li3i TflolS #^%-o] ofl^slH ^11 7fl©lH #^(6), 2fl2 7l|olH ^1^(13). ^i^#(53), ^fll 5=^1^-^(54) ^ xfl 
2 £.##^(55)01 °1 £ 15b<^l ££^1^. ^ofl^fe ^7fl-?-(BS)2l sV^sfl 7l^ofl ^ ^#?}- #^#ol ^-fe 
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-£if-2l =g^l-V-(BS)-ir -i'&SLS. SH 917} nH-g-ofl 7]}o}^_ *i^21 7>^o| o^cj.. =LB\^, °] ^^T-lfe ^7)1-^ 

(BS)2) tIHH ^ 7>^-S- ?t ^-S.7> &7| «o v ^°fl a l*fl 7j-^-<>l -g-olofl^^i ^-&°] ^€4. ^t^B 

S )ollA^ 7)]o]E ^q-oj «VS^) ^l^-oll *1^ ^-¥-<>l]fe, 7>^-ol <H^o^l7] "flfofl °1 ^-g--& 7>^-^l & 



#efl2) €-*l]£<a £. 62a, E. 62b°l) £^1^ ^2)2) nfl^ -g-^oli4 CMPofl^^ t^£r, ^ ^)-?-(BS)°fl^ S3!*l -^-°1 
7)1 #.°£*1, ±*\ -&el sfl*l*l &jl D fl^ cR'-g- IMtt ^ ^.slJi, °1 °fl2) ^ ^-^-(BS)^ 5tf 



£ 15a°fl a}^ ^-ol, ^TflJf (BS)°)H TflolS Tj^-g- go] #71*1 #£*1) ifl-Jt -l-o^Rr «o v, iHl Si 

»Hfe. 331-¥-(BSH Tflc-lS #^o] ^] Q 7 ] nflg-ofl v) + e 7 } tH8*f-fe <&<>] £tb. ffl^iSfi ^7l)-*f(BS)-t- 

Sir 8i7l nfl^-ofl 3*)-¥-(BS)Sl ^-fr 31-Tfl ^ ^ Sicf. 

31*}-, S. 25a°)l S^ltF ^12: *&^ol) Ai-H^fe, 71-^-^al TflolH. ^mSr E.®*]^ <9«Jjii+ ^$1*1 5U*1 8Jcf. =1-51- 
1. "fl^^r S^^l^El <3<*H1 Siol^o] SJiL^ol] ^ ^ flcj.. ^£*fl 7l^-o) ofl^S)^ 3-8" 3 ^1 ^ ( BS ) # °1 

71 nfl-g-ofl, ofl^oll Sltb HH*lfe -g-*fl7l- £1*1 ^-fenl-. 



£^r, £ 15b°fl ^7)|-^(BS)^1^ ^i^#(53, 54, 55)(t1|o)e ^2,2) E ^ #7lJl at!- ^^#°1 

£^1 7l*(^)2|- #7l<Sj « 0 V^<H] o^cHA-1^, 71HE £=lo] 7>^-a- B€*l^El <^ ^ ofl °> ^ S^Cf. 

«l. #^(711 t>lS T^afcSl #7l^jOS. ^21 ^■g-Ol vfl3l7>Ai ^2} Tj-^o] jt, 

^^•El7l nfl^-ofl ^«H^ -^^-°1 ^^1^1-. #^-#a- *Sfl ^ Si^ «>£^1 71^1 ^o^-g- -f-ol^ ^ 5i7l nfl-g-ofl, 

t£S «I 7]^ $^S-Q- ^-S.7> 



(^13 ^Al -^Efl) 

^- ^^1 ^Eflofl o^olA-lsl «VS.^1 ^-^lfil ^^£.-2- £ 27a, £. 27b-^l £.^1*^. ^ ^-^^°J ^-S- TflolS 

^o^^l ^ £fe e]- =^7]. aj-o]^. 3^S1 e^^^eI(o)I^cI), vH^l ^13 E^fl^^El <^^(TR1, TR2, TR 
3))7> -^<a WV£^1 71^-y-oll ^flSl-JL, 27fl2l E ?}*l>iEl «^ <* 2) ^ 7ll-?-(BS)°)l7.1 ^-Sl <3 ^ 2) S£ 

#^-21 ^2:0)1 ^t«H <?1^-S-V^ 27fl2) E^|7)A El tg^^ 0I-I-4 Cf^ 51 A i-#-5Vfe ^olcf. 



£ 27a°fl £^1?!- ^2:0)1^ fe, 7fll « ^12 HSH*1^E1 ^(TRl, TR2)-8- £. la<^l E.7.1^- =?-2lS± ^^s>t11 £l°l $1^. 
ZLB\SL A\2 ^ A3 HSH*liEl(TR2, TR3) ^M-oHl^ 3 ^^-ofl ^S. -S-^-«- -g-^-?-(71 )-& 5Hr ^-el ^^(72) 
°1 ^^^cf. a^r, 7fl3 S SS*1 — E-l ^^(TR3)°flfe 7)13 TflojE ^^°1-(73)°1 ^-£.a)1 7l^(l)^o)) ^Aj^d-. o] ^3 
7)1 o)e ^a|Hl-(73)-a- 7)]1 7)lc>lE *i<a5}-(2):nl-£. 7fl2 7)1 o) e ^ <g n}-( 3 ) 3).^. ^ ^.Aj £ ^ o]- -^ 7) . c)-5nl-. o) ^3 
TllolH l^el-(73)^-'Ml-& »1-^ #^(74)21- ^ #^-#(75)ol 7)]3 TIME ^^.( 76 )oi ^Aj^cf. 



ol 7))3 TflolH #^-(76)-a- °li3S HV£^)1 7l^r(l)^o)m ^-^(77)ol 7))3 S ^^^e) 

(78)7V 



£ 27a°)l S.7-1S.V ^oflAi^, ^7fl^-(BS)o)l7.i $sl <3^(9, 27)2) e^^s! 7l-?-o)] ^^> 7 > ^-©1 21s. -g-a-j)) 

# S-^-¥-(10, 17)71- ^7flym «HI ^-^ol 5UC1-. Z121J1, 4i7> ^-el «g^(9)2l £0)^ ^ fll e^^^e! <^«(TR1)# 
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5=112 Ji?U]^ <§<ij(TR2)i? JRMM 4S^K -g-e) <^«(72)S] *1]2 H^*]^ <3^(TR2) 

^- Jf^aJ- xfl3 H€^l^ <ge?(TR3)^ Jf-£-°lH ^scf. ^Hfe *02 H^l^ <3 < 3(TR2)2l tIHe ^0^(3) 
-£- t.]]3 H«8*l^El <^^(TR3)^ ^]o1h ti<a^-(73)Mcf ^7} &7] ifl§ofl, -£el <3<3 (72 )2) ^-f-^ n 
D J-§- *03 HSfl^iE^ <g^(TR3)^ rh7> -a-e) "S^ol n 3M7> <£7l) <g^«cf. 



3=th £ 27b°1] 3]<HHfe, *U ^ *M B.®*}^ <33<TR1. TR2) 3 ^(BS)^ ?27}, z\}2 ^ *fl3 

HSS^I^ < S^(TR2, TR3) ^}s] % 7jl-?-(BS)e} ^22|- cj-^- ^ofl o] 7fl 2 * *H3 HSS^iEl <^^(TR2, 

TR3)Sl 33]^-(BS)°fl-M -S-el ^^(80)21 ^^.ofl 2.^^ ^*m*\ 3*Kr ^^^l ^ a°l7} ^Wfe 

SZ-S- «MtK *1]2 ?1HB ^"^^(3)21 ^ -^^Jicf X03 ^] 0 ]S ^^(81)21 ^7} ^7]) «g^£]7l 
^^(80)21 7]}2 e^xl>;E-l < 32j(TR2)^°lH £o] 7 } ^Tfl *gA^nJ.. 



*1l3 £^1^ <3<*i(TR3Hl*|fe ^rS^l 7l^-(l)^-oi] 7l]3 7)HS s| <3 "J- ( 8 1 ) «1 ^^5)^ ^3 Ti^H ^^5)-(8 
oV^ #^#(82) ^ ■frZf ^^(83)^.5. o]^o]^ ^3 7)lolE ^=-(84)ol ^3 ^oje *d^(8 

4)-& "fi3S ^£^11 7l^(l)^ol] igAj-g ii/SEfl-y %^(85)ol ^^£]<H *fi3 H^^l^(86)7> ^-^^Icf. 

ol-S- ^^il- STI <§^-§- c-H ^<a^ cH TllojE o] ^^oju). ^-^o] «gJL« 7\7\ ^ STI 

E^iS. SH -g-<y a>£^l 7l^ofl 3-8- *Hr^ B^l^El-S- «8-S« ^ SWl ^cf. £ 27a2] ^-2: 

£ 27b2l ^o)l 5a<HAi2] 7fl2: ^-^oflA^ §.^ r t!- 7flo|E ^-§- 7)171^ ^^o| A}-^ 7] n))^^ 



£28afe B^^l^Ei <^^(TR1)2] t11o]e ^^-oj ^.g. ^^^olc}.. £ 28b^ *fl2 e^aI^^ <^^(TR 

2)2) 7)1 o|e *} = o] ^-ai-n- S.a)^- c4.1gS.olcl-. £ 28c^r ^13 BS3^1^ <^«(TR3)Sl Tfl ojH #^2) ^21 SiAl*}- 
c+^£olcl-. s. 28a~S. 28c<Hl £Alt»- ^-o], ^. aJaI -^^6\] ^o^a^o| E^^^Ejfe tIIoIb ^^^1 £.7-} °$ 
cfl-afl 71-71 o.s <g^t}. aslES, Til o|e ^^^l -g-e|'£Hl*l 7fl°ls ^<a^ t'SAS -l-ol 7 >^ <y 



S. 27a, S 27b"fl £a1^V -g-f r 2l ^74l^-(BS)Sl ^-2^. ^^-?-(BS)<HlAi 7Ho)s ^ol a-|s ^^S>ol 4i7> -g-el Hsffl 
*IQ #^-£- ^l7l*f^ « 0 v^ofl ojBfl ^^^4. ^elH-, ^1 ^^1 ^ ^fl ^ ph12 -^aI ^EfloHA^ ^ 

5i4 n>^.7(-^)s, >§7jl^-(BS)^^2l -S-^r, §-51 h^^i^ o.^. R] ^ojE ^1 71 si <a^ s 
^ ^^i, A -£"fr2) ^7l| 21 ^2fe ^-°J -§- < a«fl£ SlJl t£2l ^il *1|51 ^cf. 

ol-3>, ^ ^JA| -^Eflofl ^olA-121 £ 27a°)l £^1^ =f-3i5\ a>£sfl ^)2l 7fl2i ^^21 ^efl-S- ^^t!-^. S. 29a Ml^l S. 
30a^ S. 4a MIt-1 £. 5a<^ £^1^- ^.^2}. ^^Sl-c}.. 



ol °H. £ 30b<^l S^ltb ^ ^ol, 7fl3 S^7]a-e^ <^^(TR3)21- n ^ 7jl-?-(BS)-g- V#a] iSefl^l^H#(91) 

-a- °i-§--o-h °fl^-a- -a^it!-^. oi^a^, s. 3o c °ii s-aj^. *\<% iseii^iiH^oD-a- ^ 7113 71101^ ^ 

< 3 B J-(73)-a- n ^ofl s]-# ?i^#(74)-a- ^^tl-cl.. o^Ai, £ 3i a oil £ AltV «l-2l- ^-oj ^3 e^;^ 

Ei «^^(TR3)3l- n ^7fl^-(BS)^l i£3]7.1iE^(92)-a- ^-^-o-M ofl^-a- ^^Itlcf. olofl tt)-^, Tfll S^^iEl 
(TRl)oll 6!# Al^(4)-a- ^-&Al7lul, ^7ll-¥-(BS)oll^ 7112 HsHT-l^Ei c g^( T R2)^l ^ ^^#(11)4" ^ 
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oJo^Ai, s. 31b°H £a]t£ h}2)- S.SE^]iH-^(92)-S- XMbH S^ofl X]l °>^5L#(93), X]2 

^H-^(94)£- X]l ^3-^(93)^- «?mcfl ^^-^oIjx, X]2 °>^3#(94)£- eflStfl 

o)4. n ^, X]l a]a1 '^EflSl *03£ *»3 ^.S-H HAls} £ 5c xfl^l £ 8^121 -f-^sQ- l^-^ £b} <g<3 

5 XHH 7>^Vcf. rLelJi, S^l^Mfe ^o.q- *j<3*q-, ^ejs feji, ufl^ <&£.X] # 



€r AlSpj-g- ^JitJ- *r HE^-. ^^]-¥"(BS)Sl ^2^r 5L 27a°ll 5LA]-£. fiS. 3H)5)*1 X]l 1 

Efl £ X]2 AJA] ^Eflo)] <g.££| f£§ AV^-SflS. £)J7, ^-Q- 2^Sfl£. 31 ^A] I=fl S) 

°l-8-$-.e.3.*| 4#^r °l^-2} X]°lH. * 7)| o]E 5Un]-. 

oH/i,£ 27b°fl SAl^ ^2: 2) X]2: tfj-igsj <a^]-a- 

-f -a, ^*fl 7i«si si^s avsi-^-s- -^Aj^c}-. ^ §$fom ^ -i-^-i-a- ^.a>q ^ei- ^ si^s ^ 

e]-S- XlT^^. °]<>H, S. 32a°fl SAlfV u>2). £0} 7)^1)^} 4b£W°W ^-2] 7]] 

°m ^-9^(2) ^ 4^ aJe)$ f-s] «H* *i^(4)-g- ^Aj^-cf. 

£ 32b°fl u>2}- go], e^^i^e] <^^(TRl)ol ^S-S- iMe^l^E^( 95 ) o_5. gj7, 2] 

oHAi, £ 32c°fl £A1^ u}i4 $ol, aV^^I 7)^-(l) ^^oil ^Je)^ AVfl-^oiq. ^e1^ ^-21 AV^.^( 96 )_g- ^ 

-y^. ^l'HAi, S. 32cH £A]s}. wj-s}- ^-ol, <^^(TR3)^- S.^}*]^S.%-(97)°.3- gjl, n 2] <g ^ 

21 aJ.^( 96 )-°- $7\Ht}. 

oHa^, £ 3 3a0 )) Ufa), ^©l, ^^^.0,) »]2 7fl°lE ^^sf(3) ^ ^^-#(11, 82)-g- 

^(96)^0]}^ x| 2 TflojE ^^^-(3)ol ^A^s)ol ^t)]7> ^44^^ X}3 TflolH ^^^(81)o.S.a^ xp3 SSS^liE] 



olcH^i, £ 33b°fl S.*m u}2}- lk°), XI 2 ^ ^13 S^Al^E-j <^ °4(TR2,TR3)°1 s]fe -^-^-Q- iSefl^^e* (93)0.5. 
Sal, n 2] <^^2l ^^-#(11,82) ^ ^112 TflolH ^^^(3)-§r ^1^^. ^7^ « 0 Vg^- ^ °\}% ^2] o,] 

^]-¥-(BS)oll XU ^ ^]2 S^S^l^Ei <3^(TR1, TR2)21 ^^l^-(BS)°flA^ p\]o]E. ^ 

^Oj Aj- E ^ U-^cf. 



ol<HAi, £ 33c°11 £.Al^- «V2)- ly-o], xn 01-^3^(99) 5! ^12 o}>;H#(100)-S- Sj^^cf. o>^^^(9 9 )^- oj]^} 
2]sfl -K-s^ B^^l, ^7} oj^-g- <|>S^. 



ol^Ai, s. 34a, S 34b<>l] £.a1^- ^-3iQ S. 5c tfl^l £ 82) -f-<a^ ^-^«^] 2lsfl ^^4. ojcHA-l, iSel]^^ 

S-^(101)-a Tllole pV^hS^ «>l-8-«H £ laS ^^^4 •^ < a^ ^^-2.5. 7\}o]^ *m 

-S- 71-^-^. afl2 ^ X13 HSS^l^El <g^(TR2. TR3)2] ^ ^-^-(BS)^Alfe S">^ ^^-^(11, 82)c>l ^^.S. aV^-S] 
2 Sl7| nfl^-o)], ^oq--- ^t41-Y (BS)^a-1 x>olfe gj^cf. ^efAl, ^B] <^(80)2] A^fe X)2 

7fl«>lM ^i<a^ XI 3 XHH ^^^2) ^o] uvao^ ^J. 7 |. ^^cf. 5t ^] 7 > ^^-g- XI 3 HSSAliEi 
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°fl 91^® #21 3?fl-¥-(BS)s] £-ej <g^(80)s] a°)7K *?]2 Hs2*1^eH <y^*V #21 ^ -g-e) <g°4(80)2l £ 



£ 27a°il £^11V av^sfl afls « 0 ngofl u]«fl £ 2 7b°fl £Al & *}^]} ^ ^o(^h * fl2 S31*1^e1 

<3^(TR2)2| -3}^ ?m-t~ai)*}- *1]3 H^l^Ei <S^(TR3)S1 S}# 3^(82)-g- ^-^-S 3 3^4. n}-EM ^fl^ 

-S-Tf-21 ^^l-^-(BS)£l £ 27a, S27b^l^ S.a|-"£ fiS. Yl^£]*l ejrjl, -^a] ig gfl «J *fl 2 -£Ja1 «gE)]ofl^ 

4Et\E •ass) ^-i£-G- ^V-g-wfl£ s)i -^-^21 f£§ sxa-sflJE ^4. zie^ji, .g. ajai ^Efl-g- ^y-o. s «j 4 ^ r o]Aj. 

21 TIME ^oIe ^.o. ^ £ oj^ ^o}.^ E^| iE |2] ^olE ^•g^Aj-ofl.jV a S e]]^^ 

(*1]4 AjAl tgEfl) 

£ 4M -^EHofl ^ojA^ a j. £sfl ^ ]s) g^o] M ONOS« H §J"fe NAND^ EEPROM, 

NOR*§ EEPROM, AND^ EEPROM BE^ Virtual Ground Array 4 ! EEPROM # *r*-Hl ^-§-^4. 41 a] 
°fi £-^2) ^7il-¥-(BS) e«o v 2l ^'SSil- £ 35 Ml^l £ 37<H1 £Al^. 

5L 38<H1^ Alej SsS^liEiofl 7j\ 4^21 nfl^B) -go) zj igjg. afl^^ NAND ^^e) U l-Sj-S] ^7> S]S£7h £ 

#, -g-$llH3 nflael -i(M0~M15)°l 3)^5. Djlae) ^(M0)2) <a^-o] ai<3> e ^^eI (Sl)-g- * 

n dl°)El *J^(BL)°fl ^^s]ji, Dfls-el >g(M15)2l ^cfol A}ai e S H^l^Ei(S2)-i- ^g-sfl ^^^(sdo,] ^ 

ZfZf2) nflae] ^(M0~M15)2) c))olEl (WL0~WL15)«^1 SEtb, c)]o1e1 ^ 

4^2) ^S-e] ^ -g-S-AS^El 171)21 Pl)£^ >g AjBj^^ cflolEi ^^Ajo,) ^^S^l nfl^-ofl, Aj eH E^^^El 

(Sl)2l xq<H ^^--8: 1-^- ^^^(ssdoU ^^^cf. nelji, ai^ e ?i^^eKS2)21 ^1^-8- ^^^(qsd 
<H1 ^#Sl<H ^ai 0.5. ^Ej-vfl <g^oi)A^ NAND n)]S.e| >g -g-s. (A) _o_ ^Aj^Vnf. 

^7HlAi fe> piligl ^ ^.s. (A)l4]0 )] 167 ]]^ ^^5)^ ^Efl.g. ^1^. ztelu)., cflolE-1 ^^Aj ^ dlolE-1 

Ai^Aio)] °il^el «2) ^ 4^o]^ si^_ 2 n 7fl(n^r <#21 ^^)o] ^Jo] olsefl>, cjja^-i- ^ ^o^Ai 

ofl £A]^ «!-£}. ^-Ol Ajej Eiifl^iE-l(Sl,S2)SAi -f-Aj-o} MQS Eig^^E^a- A>^--^ ^ 54,} 



MONOS^ ^ °flS.el^ "fl-SLel ^-S- ^-ajs).^ M ONOS^ HsH^^Ei, ^^<y- 31^.1- ^■A^g].^ ulju^j g}= 
o. ^ojE Aj-^^o. ^ MQS e^^^eKo)*!-, lvtII ssa^^E-lel- ^ ji^oj. s,^^. ai^^ =^ 

TflolH 5>^f MOS Ssa^iEK°l-o-K HVTll e^ae^ ^ 3^0] E^j iE j ff i^c). 

ONOS ")la.El ^if LVTil H^l^E-lfe *fli vfl^l ^)3 Aj A) ^Eflc,] Hj-^ofl ^gfl ffr ^ 2i ^ 3M]V(BS)^ 
cfl S 35°i) £Al^- ^cf. ztE^, >fl 1 m*l ^13 ^Al -^EfloflA-l Aj^^. 3^ n>?}7W ^ ^7ll^-(BS)^A^OJ 

f 1 ^ -S-9-, ±7-1 ^-el 2) 0.0. 5, ^ o]e ^^2^ o.n.. 2 . oje| S ^ 



£ 35ofl ^^Ol £A|5l^ «J. £S) ] o^c^^ ^^cfl 10 14 cm -3 , 10 19 ^-3 ^ ^.^.g. ^.o. d> - p 

<! «-£«H 7|#U02)Aj-ofl "llael A^ oj«(MC), ^^TlKLVTjl) HSH^l^ °J^(LV) ?1 Jl^TlKHV^l) S^l^E-1 
<S^(HV), nelJi o)-i- AVolsl ^7)l-?-(BS)7> ufl^^cf. 7|4a-(l02)tfl<Hl N« ^(102n)^f €(102p)o] ^a^^^ 
N«S <J(102n)ifl«Kl P« 42(102p)°l ^^S)^. P<g «>£5fl 7)^(102)^ ^-H^ ^1 P<8 «(102p)«fl «fl-fr °l7>*}-^ 
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*zsl*\ ti «8^(mc)«5-m mi ?n«>)« =a°j*Kio3)-s- *«a *m ^3£-ao4)°i m ^©je ^«^(ios) 

£- 3]?}tfl lra~10ra ^e|S- ^S>^ gc^ 3-*]i+o] e e^o] s. ^_o.g. ol^o^c}. -$>*|&(104)& ^cfl 3 

nai~50rcn t^Is] Si\\ SiOS. o^o^cf. zi $H ofi^tfl ^f-*t]7|- 2nm~10nm ^>o] oj ^e)si aV^^o.^ o]i,s.©J:*l 
^ti^(105)o] ^^cj-. 



°1 H-^- 105 Wife *1H ?1]olE( 106 ) 7 ]. i0nm~500nm ^S. oflS-Bl <g t)H.e(107) ^ -*d@j Ti] 

•>]e( 10 8)7> tM^c*. ago) ^o]e (106)fe og^Jcfl -g-el-ael^om. WSK^^elAl-olH)^ -g-ej-ye)^ ^ 
2: Sir XiSi, MoSi, TiSi, CoSisf -1-^3^3} i@| »^ #£)^e)^ ^ £ h -Ssl^s] 
-S-olM- ^#^5. ol^^tj.. 7i]o]E ( io6)^lfe 10nm~300nm ^S. ^^s) a^bj. SE 

*r ^e1# 0)^-0)^1 n]-i a ^i<a^ol HU^cf. 



LVTfl S^t.]^ <^^(LV)^] Si<H^1fe, 7l*(102MW LVTfl 7flo]E ^o}flJ-(ii3)oJ <g^SJ.n t n $\6\) LVTfl 7flo|E 
(109)7]- <8^«tf. HVTfl Esfl^iE) <j§q(LVWI 9X°)*)$=, 7)^(102)^] HVTfl 7flo]s £03^(110)0] ^S\jl 
=L $H HVTfl 7)]olH(lll)7l- ^^^cf. 



°1S z}- °j^(MC, LV, HVH] 5a<H^S) TflojE «a=#ofl^, o,]^}cfl 5nm~200nm ^5}^- £fe ^5] 

€• -tl-^^a ^ ^-3^(119)0] «g^i}. 71*(102)SJ i^°fl ^#01 i^/SBflol Sj-A}.^ 

(112)ol fl^^c).. 01 § ^/Stsflo] ^•Aj.^ (112 )j ! j. nflael 4 ^o] H(107W1 fi]«B M0N0S*§ EEPROM 
^£4. ««f 3^*3 7floH= ^01^ ofl^cfl 0.5wn ojsV O.Olwn 

^/H^jolig ^-AV#(H2)^ ofl^tfl 9J0I14 Hji, o>e1^ S ^ ^£7} 10 17 cm" 3 -10 21 cm" 3 7> £j5L*j-, o)] 
?icH a°l 10nm~500nm >M- 0 W*1 *g^i}. ZZ.e)JI, o]s. ^^/c el) 9j §H+#(112)-8r -g ^^S. 

s)ol NAND ^#<>1 ^^^cf. a^V, a}^ 7flolE(i 08) o) ^i/ceflo]-^ ^^(112)^. se«_e ^^^x(i 15 ) 

5 c))o|e1 ^*-{l(ll6)ofl ^^^cf. 

<d«i 7l]olE(io8)fe ^]s.el >g 7Ho]e( 10 7)3] ^ Tflo] e ao6)fi |. ^^o_ s -^Aj^cf s^e #e)zz(115)^ ofl^ 
cfl £^ P^o)] i^e|?oN E ^^^l U 6 ^<i ^elA>o] H> Al, TiN. Ti ^o] ^^Sjo) av £ ^] <J^^ S 

<d«j 7flolH(108)fe- nflJZ.31 € ^olE ( i 07) o^ ^^^(io4)^ -^oj^ ^ols ^^(117)* 7|* 

(102)5* Cfl^Qj ^ H^l^lElO «^«-t|.. AHQj 7flO)E( 108 )Sj TflolE ^Ol^ DflSel ^ TIIOIEOI ^oje ^ o) 

iicf ^j7, ofl^tfl 1/ot olsf o.02^an o1aj.o_ s ^a^c). o)o]] n^-El-, f-s. ah^aIs). h] aH eh a) <>} ^n U |ij 3.7)) 
^ SiH a>s.^ 7lojoiq- ^-ff-a- aj-^l ^- ^ o|cf. 

°1-S- ^ ^^fe ofl^tll Si0 2 q- SiN ol^-o)^ #7j-5]-(ii8)ofl ojgfl ^^^tj.. nejji o] #^Ve)-(li8) Aj-tL^j- 
<4l?itl] Si0 2 i4SiN SE^ #e]ol o] = S oj-o);*] aJ^^ ^^(^a] ^Bf)om ofl^cfl W Al o]x} Cu S. olsol^ 

nfl^el ^ <3«)(MC)4 LV74] e qfl^El oj« Af o H £ la0)] u ^ ^ ?£s| ^ u oj^ (120)o1 

LVTi) Sa^i^J} HV71] E^ i6) ^^(hv) Afojofl^ £. 27bofl ^ m ±xl 

21 °J^(121)ol -^Aj €c+ . r ^ 

LVTi] B^^liEi ojo4 (LV) oi iA/c^,.^ §KV#(112)°fl^ ^@1S §e1^(122)7f ^^cf 1-^^(122) 
wfl-a(123)oil ^^^f. Htb. HVTi] H^|AE1 oj« (HV)2l ^i/^^oj^ aj-^(n2)oflfe s,o] E #213(124) 
7> ^#«cf. ge^U24)fe HH^(125)ofl ^^€4. 

«■ -3*1 'iEfloflAlH, M0N0S« EEPROM -fl* ^-§-Sf7l nfl^ofl, ^#Sf^ ^ 7ilo]E^ EEPROM 7l«?j ^oj. 

- ^ ^-3- ^ SU^. <43fAl, 3)S H^l>iEiofl SlO^Ai, -g-el TV^A ^-a^i TflOlE 
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4bM1. 3L##o] ^]7>s]ir 3-3.2) £ 4 s $L±s.3. Ji^ 3 4- 5tfcJ-. najji. ^-fr 7fl«>lH^ «il 

& Stl=f. 5t, ^^#(104)^1 ^g^Ma, 171) I7fl2l ^S-> E^oj] ^-g>7> is}5]7l "fl€-°fl. ^V-SH tfl-sfl 3 
s>7> e>^i+7>7] ojs^fl 7j-^. vflAj-g. - o^q. neU, #3#(i04)sl #3 ^<?m°l Wsj-s^s. 

£ 35°fl £A|^- Ajigj e sflxliEi^ oflae] ^ E^l^tH^ ^<Utt MONOS 5H o] Al©j e^a- 

£ 35°fl Sflo^fe. 7)]olE 7 ]. ^^s)<^ 2**1 7lJ&(102)-^H]^ 7flo]E ^^e]-^- #7fls]-Al <&±±x%. 



£L 36£r.E 35«fl ^-3iS\ '£;goj]-Q- £Al^.cJ-. a^oflA^ 5: 35^ °X<>)a\2) afll £3 «8«K120)<>1 

cflAlofl uflae) -g <g^(MC)2f LVt)) e^j^E] <3^(LV) a]-o]°] ^7))-?- (BSH) t!]o]e ^(130)7}- ^£cf. /flo] 
— ^(130)ofl 91°]*], 7l«(102)iHM El -a ^^(MC)^ofl^ 7flolM(108)2) Tfloje ^oj^(H7)«>l 

V^^uL, °llH.5l ^ ^^(MC)°ll-*i <d LVTil TllolS ^03^(113)0] igAjjgcK Tfl^e ^^^(H7)^LV^1 Til 

OjE ^^^(113) AfOlofl 2]^ 7]^-(102)<^l ^^5>£^ TIME ^ ? ))^.7l- -^^^Cf. o] TflolS ^-3.0] Artoll^ ^ 

^^(119)^1 TllolE ^(130)fe ^^^om £^^21 3±^-g- S. 15b°\] Ha]^ 3 ^^-(BS)ofl 

SI^a^ ^^(53)^ *<a*V ^ o_S. ^Aj^cf. 



S. 37-& 5. 35^1 ^ ^Gfl-g. £Al^Vcf. o^ 7 H^fe J£ 35<^1 iEA]^ ^^ofl 2i<HAi, op^aj >g <g«( 

MC)^ 7flo]e 7V^Alofl 7flo]e ^^^o] ^A|ofl 7^5)^1 $JDL ^^-2) ^olcf. ^, d|)2.E] ^^(MC) 

51 °l5J°fl ^7ll-¥-(BS) -¥"&«*fl Sa^H^, *2£*fl 7l*i^oflfeEi^ Tfloie ^o3aj.( 10 3) aJ^ ^aj#(l04) 
°1 ^3$^. 

£ 37<H1 SJ<HA121 pflaEl ^ «^23(MC)4 VCTil H^liE] <g^(LV)2) ^TflJf (BS)2] ^3,3-*], 5. 40a ifl^l 5E. 40 

hofl £.A)^ ^.3- *]]?»*|- ^ e^r^. LVTil 7l|olje ^^B}-^ HVTi] 7)1 0)S ^<gn)-A uj.^ ^ o.O. S ^ Dfljae) ^ 

<a^(MC)4 HVTfl H^Al^Ei <^^(HV)2] ^7|]-¥-(BS)^£ o]* ^i=. a]^.^. - ^cf. E 40a s 40h - 
NAND^ MONOS 7)^ ^ 7fl^-(BS)»ll ^-g-^ ^ Sl^. 

zi^JL, ^21 ^Tfl^-(BS)of) 5l<HAi 7flo|E WW 7l*(l02)-& ^#^1^1 ^.g. s}^, 5L 35 5? 

£ 36»11 5LA|£ sJ-S.*fl aJ-^^ ^7ll-?-(BS)ofl ^ $X*\. £^V, ^ 7fl^-(BS)ofl ^#(112)^- «^8^1 

gj-g- ^-S-sL «H£ ^cf. nelJi, 4 §-^-21 ^7)13] -f-^sflS Eli, aj-4-o)] nfej. 4^. ^ £2] 



£ 40a°l] £A)tt ^7H^-(BS)<H]Ai^, £ i a o1] £a]^ ^s]- -^<a^. §-el <g^(132)°l 7l^-(l02)^o)] ^Aj^jcf 
^f-g-el «g^(132)2] d|]se1 ^ <^^(MC)#^1 El\i TflojE ^ajaj.(io3) 51 Aisv ^^( 104 )ol <g^€=f ^Af 

-g-el "^^(132)2) <g=#oflAi 71^(102)^1 ii/=efl?]*i sKVfKmH fl^«th. ^av^-ei oj^ (132)2l 

21 T^ofl^ ^ S -g-^-S- 5Hr ^71- ^^^14. «>lel* ^7il^-(BS)2l f 2 § ^ej^-o.s^ STI mfl^-fr 
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S. 40b°i] £Al^. ^7i]-y.(BS)<*:H*r. S 40a°fl 5L*\i& ^Sofi Si^H ±.*} £-3 ^^(132)-^- S<H 7]]o1e( 108 ) 
2j- ?n°lH 7-^7} ig^^c)-. ol^a). ^Tfl^-(BS)^ *fl STI nflU^fc c^,*- # 

Jfl^lH 7V^-S- ^7)1 «■ 4 s 5ft «}. 

E. 40c°I] 5=*1$ ^^(BSW^lfe. £ 14a°H =f-2iS\- s-<Q® ±7.} -g-e) <gQ|(l33)-8- £ 40a°fl &<HAi2l 

<g^(l32)i)- *|««H tg^c)-. oi^-^ 331-?-(BS)2l * s| She. STI21 ifltf-a- ^aja^ <3*1 ^± 

£ 40cH HAl^V ^^^-(BSH^^, 2 40b<>fl £a]& ^ofl o^a^ ^x} g-e) <g<2] (132)3- S. 40c°ll 5L*]?± 

£e} ^^(133)?)- SSflsH T 1 -^^-. ^74]^-(BS)2l n^Q STI2J ifl«g-g. ^a)^ tIHH 7> 

^-s- u>n u-^ $at+. 



£ 40e<>l] SAl^V ^^l^-(BS)°)]Ai^, £ 2a°fl =f-3^s\ =f-^7\ *gAj<gc].. ^^l^-(BS)^ ^°<M]a] 7 1*( 

102)^]^ ^(MC) ^ LVTil E^|iEl <g«j(LV)2] 7\\o}^ ^3i2] ^-Aj ^Ajs]^. 7flo]E ^ 

(134)7]- ^Aj^4 ^ojE ^(134)011 o^cH^, 7l^(l02)A>oI]Ai oi)2.Bl >S ^(MO^H 0N0^(131), LVA) S 
iJfl^l^El <g^(LV)#°ll LVTj] 7l)olH ^^^(113)ol ^aj^c].. ONOSJ-U31) % ^^(113)^] #^(20), ^ 
^•^5]-(119) ^-<=>) ^Aj^c]-. TflolH ^-^(i34)s.-¥-El nflse] >i ^(MO^IM 71^(102)^01] tIMS. 
HK103) ^ ?lSV^2j#(104)ol ^Aj^cJ.. t^e ^££(134)2] ^oflAi 7l^-(102)^oflfe i:^/-E-3]<?] <H 
12)o] -^aJ^4 o)^^- ^TflJf (BS)2} ^-g- Afl^fl-o.SM| Tflole ^ STI 7l<y2l #^-g- ^ 



£ 40H 5=a|# ^^)-?-(BS)oflAi^, s 2b^l SlAltb ^2i^ 3 3]-¥-(BS)2l ^-g- ^^1^-(BS)2| 

<H)Ai 7|^-(102)A}-<Hlfe p]]5Lel ^ <3<3(MC) ^ LVtII <3<3(LV)2l 7\}°}S. ^2:2) ^ «gAjs)fe 

olB ^(135)71- ^Aj^cj. ^c-lE ^. a(1 3 5)o1 ) ^o^A^, 7l^(102)A}-o1lAi Dflae] ^ <§^(MC)^<>11 ONO^-(131), 
LV^l cg<M(LV)-%°11 LV7^| Tfloje ^<g^-(H3)o] ^Aj^cj-. ONO^(131)Aj-o)l^ ^]c^ 7)]c»lB(108)i+ ^ 

Tfloje -^Aj£) ii LV7 ^) ^oJe ^<a°]-(ll3)Aj-ofl^ lvt^I 7flole( 10 9)oj g).^ ^2.7]. tg^c]. 0 ] 

71]o]e ^(135)2] ^^ofl^ ^<g^-(119)°l ^ Aj^nj.. o]b\-Q ^7^)^-(BS)2] -7^1- *fl a) ^-o. e.*) c^E-g- 7.]#i} 

^ STI 7l<>!2] #^=-S- 2] 31^- ^ oicf. 



£. 40g°)l £a]^ ^7^]-¥-(BS)^Ai^, £ I5a°fl 5=^1^ ^fi)- ^<a$ ^7^]-?-(BS)^ ^££-g- ^-fet^. ^7)l^-(BS)2l # 
^lAi 7)#(102)2] s^ol] 5.^-¥-(136)7> ^A^^4. ^.s.«(i 36 )«. Ei ^^e] >g ^«(MC)#o1)a1 7)^-(102)aJ-o11 
El^ Tine ^<ae}-(i03) ^ ^Sf ^2j^(i04)7> ^Aj^jcf. o]b\^- t$ 7)]Jf(BS)2] ^-^-1- c^H-g- ^ 

ST J 7IOJ2] ^.^=.0. 5]3I)^- ^ o^cf. 



£ 40h°fl 5LA]$ ^7)l-¥-(BS)°?]Ai^-, 5E. 15b°i| 5EA)$ t)|o1e ^.^.(^o)^ ^7> £Al^cf. <*\ 7| o]) ^ 7^7% 

^^Ai HVi^fl 71^(102)21 Si^-¥-7> ^Ajsjol ^ 0.14, £ 155221- *\%7\7\5L zielji, ol 

Tflole ^3.0)] o^oIa^ 7l#(l02)2l s.^} ^<a^-g- -f-sW ?>ji 3^-#ol ^ ^^1^-(BS)21 =f-3i 

-S- TllOlE 71-^.01 ^-Ol^JL, CjiEQ 7-l^gl-ol STI 7]°A$\ 5\*\?>\°\ "11 i ^ S «1 -H- ^^A^ ^ 

5U4. 



2. 41a<Hl^ n)l£Bl Ajsl TflolE^Ai ^)o\^\ ^^o\] ^^o] 0^0,1^^ t£v*o) ^Al^cf. gc^-, SL 41b°fl^ ^£ 
e^^l^elSl 7)lolE^l7.i cflolE-1 Aj^Alol] ^ajo] Mj-S^^Sl £Al^cf. 



- 26 - 



^7fi£j-iH -q-2003-CC03C62 



£ 41a, 12. 41b°3 & »W £ 0 1, ±*\ -S-el ^^(300)<^] 2l*i} 7)^(102) ^ ?1MB Ago] Q<yc]-. n} 

HM, 3£ *HH ^?15|(103)-S- ^SHr 3*21 *Q3J i^VS-el <gqsi #-f7l- ^51^] TflolH €^(106)^1 

^%STI ^J-^^l Sl«fl ^s)7l n fl^-°l^. o)^^ 0 ! «W ^7-V^-e) <^^(300)2f TflolB ^"3^(103)21 

"U^fe 7l<y 2j31*l2l ^>°1^ ^3. ^#°1 iH^l oj 3 4| a] 71 at-g-oq iH} Al^Ajo] e ^ ^ -& 



2. 42°fl-tr XOR^ MOXOS*8 "HJE-Bl €^1 -f-7> S)5.£.7> S^l^c}-. cflol^ *1#74(BL1, BL2)*}- 4ui-$d(SL) 4°1°1| 
z\z^s] v\)s_s] -i(M01, M02, Mil, M12, M21, M22)2J ii, ^ efl <y o] ^€<4. zfz]-^ Til °l£°flfe t \) c >}^\ <d^-9 
(WLO, WL1. WL2)°1 ^^4. ols)- ^ NOR^ MONOS^ "flS-Bl ^ofl^lS. ^^1 ^EflS] -&7l ^3^1 

S. 43^1^ ^ Si e^^iEiol] *lfl*H ^-t£1 °I]2.el -a o l 2] ^5. ufl^l^l AND^ MONOS^ °ll:2-2l Q 1^21 %A 
s\S.S2.7} £Al^c}. Dflae) >g(M0~M15)<>l ^fS ^^4. v\]s.£\ >g(M0~M15)2l "S^ol ^ 

^(Sl)5 #afl cflolel ^^(BL)°11 °fla-2l H(M0~M15)2l E}-c}ol e^^]^(S2)# »*fl 

zj-zl-21 ^1^21 -S(M0~M15)2l afloi cflolE-1 ^^(WL0~WL15)<^] ^^r€4. 

^21 v\]5LB] >g 17|] 3) n1]ae) -fl -g-s-.g. AjiyjsflAl dHEl ^*^6fl ^#S>7) nfi^ofl, ti^ S«*]iEKSl) 

^slH q-El-vfl <^«<Hl^ AND *\}5LB] ^ *^-(B)-a- ^^tbcf. 

°i7loi]Ai^, pflael ^ M.s. (B)vfl ofl 167fl2l d]]^.^ ^^sl^ -^Efls. iA]tVnf. nem, cflo]Ei ^d*^d $ c -ll 0 l^ 
-ti^-a^l iflSLBl -tSl ^-^olig sH, 2 n 7fl(n-a- ^ ^^r)°l o]rzm)+ €\=l^-Q- ^-ofl oj<^Ai o> 

^•2]sv4. a^-, <>i£eflis.Ai «>c Al nflae) >g e^i^^e^ ^<a?i ^-i- AV-§-sflc> ^ ^j^. o>qcf. ^^cfl, 

£ 44ofl £Ai^v ^-o) .3 e^^^eKsi, S2)s.a1 M os SsMiEl-g- s-y^J: ^ 

«>1^ AND^ MONOS^ nflia) ^ofl Sl<H>H£ ^- ^/.l ^Efla] ^-7] ^-H- a)^*l ^^sflAi ^j-g-l- ^ ^4. 

°1 °1 A 1 . £ 45a Ml^l 2. 48c# c»l-8-§M -£ 35<^1 H^l^ ^ ^7-1 -^^9] ^i^fl 7l<^ #*ls] ^fls 'S-'asI ^ 

sfi-2- i2W4. -f-a, 7i^:(io2)2i s^oii astms.*] *i t$t»i4 ^ 

^^1 4el- ^°dt!r sl^ -L^^-* TflTl^. 

oH7i, £ 4530)1 £ Alt|- u>2). zj-ol, HV^sfl 71^(102)^1 <^]?icfl lnm~10nm ^MUS € ^e)^ Sfe 
olE^olc^o.^. ol^^l E-l^ Tflole -21- (103) -3- «^«-c)-. oH^I, ofletfl SiN. SiON^-S. ol^-<H^l ^e]- 
#(104)-i- 3nm~50nni *f-#S\5. ^^ Q^. «H^1, ^l^cfl ^-^l] 2nm~10niii ^Ht! ^Jel^ ^Sl-^^S. ol^-<H^l -g-^- ^ 
•a^(105)-a- ^^^4. ZL s})o\} -I-El-^5l^(i37)-g- 10nm~500nm2l ^sjs S)^*Vcf. 



°H A 1, ■£ 45b«l] 27-lt!: wj-21- ^-ol, oflS-el ^ <^^(MC)o] *f-&-g- iSEfl^l^H #(139) AS gal, 21 

21 #el-^B]^#(137), ^^^(105), ^«j#(i04) 51 El ^ t1]o|e ^^e]-(103)-& TflTl^. ^]7l « 0 >«a-8r 

-o-2) -f-aj-Aj ofl^oiq. RIE f-21 ol«J-Aj eq^ ^ o)± $o]o)s. ^cf. oJe^Al, £ 45c°fl £71^- h}-^ ^-o), h> 
S.*)l 7l^-(102) ^i^oll «11?ltJl 5nm~50nm -f-^lS. o]^^ AJe)s. Aj-g}.^ gc^ ^a) q-o] e e)-o| c d|-.o 5. ol^^l h 
VTjl H^7l^El2l TlHB ^i<asl-(110)-a- '^^^-4. 



°1 °1 A 1 . 2 46a°ll 5L*m *W ^-o), HVTj] S^l^El ^^(HV)-S- S£efl7l>iH#(139)S. Si, ^ 2lsl <^<>1H 



^■7]]-q-Si -Lj-2003-0003062 



HVt|] B^l^s] 7\]o)e ti<3^(110)-fi- ^1^ ^^. °1°W, •£ 46b°ll :£*)& u}a). ^o), SS.ei]^iE^-( 13 9) «- 7 fl 
7)S}o) 71^(102) £<3°i] «S1^ ^1 lm-lOrai aM^I ^ e] ^ ^S}-^ £b ^WolE^lE^S °1^«H 

# lv^i ^hs ti^^(ii3)-a- <€^-oioi, hv^i ^"a^dio-a- 4^ ^ 3^3. «i hv^i xws. *t 

•ast(HO)-a--i--ol) <^]?lcfl -g-Bl^Bl^C^O-a- oimcfl 10nm~500nm2l ^*)}5L sq^tH}. 



o) °flS.E) ^ ^(MO-gr ^lS-S) ^3] -g-e)^e)^^(137)^-°11 IVTfl 7flo)S. ^^^-(113) ^ l-e| 

*2 3^(140)0) 3# i^S. ^cf. ^71^, Dilae) j&s) t)|o)b ^1^4 LVTfl H^^l^E^ 7fl°m €^ ga- 

ol's!- -S-?3 11 ^ ^MIG ^-§-*flS ^Cf. ZL^, -S-^ ^ ^MI^S TflolE Z^A ^Oll OW1-717} %V\.. 



ol°H, S. 46c<H] Z.A)$t Qo], LV31 S^a^e) H HV7fl S ^1 =±xEi s) °J J?3. <^^)-S- 5L£21]a)^H# 

(141)0.5. ^ 2] -l-s1^2l^(140) 5 LV/NI 7fl°)e ^oj^--g- ^TiSM}. *fl7) •Jj-^^r £-*) f-S) 

f-«JMj °11^ 0 1M- RIE f-S] oflij) ^ o)^ 5Jo)cH£ <gcf. o] nfl, i£efl*]iH*(141)2) <a-¥-7> nilS.^ ^ °j « 



oH*), iSE])^^E=( 1 4i)-g- 3)7)5)- JL, £ 47a°fl £.a)^ ^o) *fll °>i3.#(142) ?! *fl2 v}^3.%-( 143)4" 
Sl^^cf. Tfli n]->i3L#(142)-gr ^tfl ^e)s ^^oIji, ^]2 o> i i 1 ^(i43)^. °fl^cfl 41 el^ °H*1, 
£ 47b°fl £a)s}- wl-sf £o), -g-el oj«e) sgAj-g. S£efl^iE#(l44)4 ^2j«>^ ^B) <8^«- 
4. o^H^fc -£-ff-°) ^741-¥-(BS)«^] Efl^l^ #7i*] o>j7 9303 o.sl -a-Vfe aj-<g-g- ^^t!:4. 

oltH^, £ 47 c ofl wj.fi). ^-ol, ISefl^AEffHD, ^2 0^3.^(143) ^ ^1 o>^a#( 142)4 

o)] o]sfl 47]^ ^, #ei^^3.^( 140 )-g- ^^ofl &m z]}7]^, i4 ^-ei <3<3 ^^-a- *e«o 

71^(102)4 <Hl^sH e^^1(145, 146)il- ^^^4- ±4 -g-e] ^^1^1(145, 146)2) &o]^ ^]^cfl 50nm 

~300nm 



v\]5Le) >t <^^(MC)2f LVTfl Sg7|A^ <g<*j( LV )o) «.^.o) ^^-¥-(BS)°fl^^ i 46b»fl^ S. 47b°fl 

^1 ^<=>} 3X7] nfl^ol] <g^2) x^^oflA-] ^S. Ir^-t!- €4. -Sr^-¥-2l £ 46b»fl Sl<H^2] ^> 

sl- o}|^ ^^Hofl Sj^sl-^cl], ojl^c}) 10nm~300nm HV^«f7fl^ 30nm~100nm ^£ 0 14. a?!, 4i^> H ^| 
2) ^gVfe <^^o|) irfe} -g-el-^H, o]^^. ^2.^ ^ <g<*(MC)3] ONO^ ^^fifLVTfl <^^(LV)2] 

71WH ^"S^S)- HV7^] SSS^l^E-) <^^(HV)2l ^ !f-7?\]S] Sl-Ol-g- aV'gSl-^ 7l]olE *!<£B}-Ol ^=-g-^S. ^ ^.e)2) ^ 

°)7> ^<H^14. LV7^] HSS^^E-I <^«(LV)2f HVTi] e^^^e^ ^«(HV)2) §-^ r fi| ^7)l-?-(BS)»Il^fe, £ 46b<HM 
Ht^* ^*>7> £ 47b°fl 3X7] nfl^-on -g-e] e^^( 146) x^o] ^-^4. 



0)01*1, £ 48a°1] £A)^ «)-s)- go], ^s)s avsj-s)- - o) ^<gn)-o.s. ±7.} §-e) H^^l(145, 146)© °H^*VJ1, CMP 
-W-2] O.S fl)l °>>i3#(142)-a- ^SB)S. s)-o) "fl^7fl-g- ofl^^Vc).. ^7fl-?-(BS)oll7.l2) ±.7} ^-e) 0J94 o. «. 
51 ^017)- <?>o)-^ 5^7) nfl^-ofl Dfl^^-g- <^J:s1-n) <H]^)^o)) fe -g.fi) ^^^0) Aj-tL fe 7)0) 3g^5fl^cf. ^1 

^(142)4 ^W?!-^, ic-g'S #<g°)l 7)|o)s ^^#(140)4 Sl^W 7flo)H ^t-(140)£r ^5)2- £^ 4 

7A7& ^e)^ ^ s.^. Aje)s-4 =^ S)-^-#2) £fe ^-^ ^ 41^1 ^-2} ^-^f S)-^-#2) ^-#e)-o. s 0)^0)^ 

nf. ZLe) Ji, 10nm~300ran ^S. £o)a) a]e)3. aJ-^o)- gc^. Ajg)^ ^!S}-e)- o._§. 0)^.0)^) d)a 3 ^-3^(104)0] S)^^J 
4- 
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o]°W. 2. 48co1] £>1£ «H4 ^-c]. 2S5]]^liHt(148)-(l- H-iHS. "SH 7fl°lH °1 U <H! °H^^4. ^ ^. ^ 

"fl. ^7fl-¥-(BS)fe efl*]iH& ^7)^1 ^-jl, ^^1Y(BS)21 7\}°)S. ^^-8- -g-^-. Tins **^ofl ^e^^ 

°J *1]2 «l-a- '^^-o-l-b S€ € t^-S-S SflH 

•s- -a^i ^Efl°ii^ m*i *ii 3 "^^^ ■f-'S^- fi^-o- t at!-. ^ s\s.-u- fl^t b^i^ei^ m 

OS TlMS ^.^7> -y-ol&V 2#f r ^1 B^l^E^l- ^A]^cf. ^u)-, ^i}^ 

=1 Tflole avs^ =^] 7 |. 3^ o|>y-oi o-oil^ •& -3*1 ^Efl^ ^-8-1- 5fl>=r. 

(*]5 ^A] ^Efl) 



SW^S] B>£5fl #*lfe, -g-fllH3 71^ ^13] s>u|.ol -^--B- Tfl oIe -^ >g ^^.-g. NAND"^ EEPR 
OM, NOR*g EEPROM. AND*g EEPROM SE^ Virtual Ground Array ^ EEPROM ^ Sj-q-ofl ^-g-tt^. -¥"n- >ll 

7]]o]s Ai-j^o} M0S e ^7.1^^(01^, LV/N1 S^liE-1), Jl^^ S\S.-Ur ^^sffe ols^j ^ TflolS a].^ 
S] MOS SS«^l^EKolSl-, HVTfl e^^i^e^) - ^ol £ 3#fi-2l S€^l^Ei7> ^^.S>nl-. 



-g- ^^1 ^Eflofl °i<H^£ 38 SE-b £ 39<H] NAND^ "I1J2.B1 ^fs] ^7f 3)5., £ 42°1] tb NOR^I ^]3LS] 

^21 ^-71- 2)£, £ 43 £. 44<H1 £Alt!- AND^ "\)5L2] ^S) ^-7)- ^5.2] ^-g- ^c|)S ^-g-^- ^ ^cf 

■g- ^Efloll ^^l-?-(BS) e«o v 2l £ 49 i-M £ 51°1] 5.^1 *l-cl-. 

^HAi, °flS.e1 ^^r LVTfl H^^l^Ei^ 71U iflT.1 7fl3 *H -^Eflofl Si?}- « o v^oll 2j«)l -g-f r 5lJl, =L ^ 

^Tll-^CBSHHS] ^^£1 i7f ^e] S^aIsi ul 7)| o]E ^7121 oj ojc}. 

£ 49°fl e^o] £Alsl^ ovs.^1 Aj-^ofl o^olAi, ojl^cH io 14 cm" 3 ~10 19 cm" 3 ^ ^.^-a- «-H-§ r fe P 

*S ^r£.*l] 7l^(l50)^-oll «V£sfl °J°4(MC), ^"a-^KLV^D H^l^Ei 9J°4(LV) ^ i-y-TlKHVT)]) SsH^l^Ei 
°I^(HV), neli ol-g- Al-olsl ^7jl-?-(BS)7l- ufl^l^cl-. 7l^-(150)tflo)l N*g ^(150n)2l-P^ €(150p)ol ^^J^nl-. 
^(150n)Mloll P"^ ^(150p)ol ^^5]^, p-^ «V£Afl 7l^(150)5r ^-^«1)^ P^ ^(150p)°ll =r 

niia.si °j°4(mc)oii e]^ Tine ^<aoK 151 )--a- *y°w ^-s. *m ^#(152)01 -^^^4. tiioie ^^ei-( 

151)^8- <^]t!cfl 3nm~15nm -t-^121 -ae)^- -<Y^ Hfe -^-Alufo) e ej-ol ^ o|- o_ s 0 j ^ol^lcl-. ^«j^(152)€- 
cH 10ran-500nni -^^lsl oj Hldt-S- 10 18 cm -3 -10 21 cm -3 ^7>^- -f- B) s- o.^. o] ^ol^cl-. 



#-3} #^^(152)°11 cflsfl 7-1-71 ^-^-2lo.S. ^tf\ Ajei^. av s j.o}.o. 5 _ ol^ol^l -g-sl ^^(S^l ->$&F)o} 
€4. ^l^^- °!]?itfl ^-H^l] 7l^(150)^-°l] El^ TflojE ^^°1-(151) °] 7lS-f ^-^-^(152)A Sl^^-^f, iflEi^ 

•a-H «V£S1] 7l^(150)oll Si-Stf nfl^l tiV£^1 7l^-(l50)-a o4]?irfl 0.50nm ~300n!ii2l ^o)^) ofl^s^, ^oiej-.o. 
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»WM <Hltt 4^ 2i4. °lsf £°1 3^ 3^(151) ^ ?i-o-> ^*(152)-£- «-*>7> fl^ofl 33 



^ 2H1, "ilEl-S-al ^^^(153)-S- *«B »I 0 1B ^(154)°! <a^€=K "ilEM^ ^^^(lSS)^ ofl^cfl 5nm~3 

Onm -f-^lsl el ^Vs|-s| afe ^^40] eej-oIh.^ *Jel§. ■{+ a) S llSj-^MJsie ^^S. 

7)] o]e ^=(154)^. cfl^tH 10nm~500nm -^13 °J, £^ Ji-g-£- 10 17 cm" 3 -10 21 cm" 3 ^7RV -g-e) 

WSi(3^ ^BlA>olH.)<q- -I-el^sie^ ^ sife NiSi, MoSi, TiSi, CoSis* -I-el^el^ i^j 
^2:5. °l-¥-°1?l^. 7fl°lH ^^^-(151), ^S-> ^3#(152), "JlEl-I-e) ^i<g^(153), 7\]°]S. ^^-(154)5. °W 

•H^l T 1 ^^ oJlS-Bl iS 7flo]E(161)^ 7]]olH(162)7> ^^Ch ZLS] Jl, 7$0\ ^]o]E ^^.( X 54 )Aj.<>{| 10n31 

~300nm ^S. ^^1^ *}e|€- ^VS)-5| £ - ^e)^. *ls^o..§. o]-f-<H^l "}i3 7 d < a 5 l 0 l u fl^]€^. 

LVtI] «8e|(LV)«lHfe 71 150)^-ofl LVtII t\]°}E. ^eKl55)°l ^^E]3i, =l flofl LV7fl 7\)o)^_ ^ 

(150)<>1 ^£4. HVTfl H^l^E} <8«KHVWMfe 7|#(150)-5H1 HVTfl tIMe Q<£^a57)°] *§<%S\JL, =L 3) 
oil HVTfl TflolS ^=(i58)ol t§>y^cf. a]em H^l^Ei, LV 7fl e ^axl^El, HVTfl H^l^e]^. 7))o)e :g<ae}-ol] ^ 

£ 49ofl £a|«V v}s\- go], o]-~- TflolH ^^-Sl °<HM]fe oflsadl 5rai~200nm ^el§- ^S)-^ *je)a. -tfSJ- 

ol^^l ^<a^(159)ol «g^€cl-. 71^(150)21 i^ofl N"^ ihi/S.efl9j^ §K}-*(160)°1 <8^€ 

cf. o|-l- ii/H5ll<?l^ SH+^(160)-8- oflSHfl o]oli4 til^, oj-El^-g- £>g ^-£7> 10 17 an" 3 -10 21 cm" 3 ol 
3°1 10nm~500nm >M-°H*1 '^^^^1-. ^.el^l, «>M- ^i/=efl°J«§ ^^(160)^: ^l^^Vfe ^S.s] -fi e ^ 
21 oil NAND ^#^1 o)s. ii/EejoJl ^V#(160). ^lS.2l -fl t11o1e( 161 ) r] ^0]^ 

(162)ofl 218)1 ^^#(152)o)l ^al^ ^*>^-o. 7$2_t$o_3, Tflole^ EEPROM *&°] ^^^cf. «1 Tflol 

B zjolfe ^mcfl o.5/an °1^1- O.Oljun °] 

^ 7flole( 162 )Sl oJ-S-^Sl ii/=2flol^ ^-^(160)^ S-^S «-ElrL(163)^- *«B ^*^d(167)o)l 
€4. TflojE ^^^(167)-Sr ^^^lom Ej^-^fl ^elAl-oJc EjEj-, ElEj-u)-o|eel-o|c £ i= oj.s n |- _o S ol s^^,^ 
a-eje #e]zi(163)* oll^cfl N% P*§ofl £^§€ «Hl^el# 0 lM- ^ ^i^^BlAVol = , m, xiN, Ti f-°l 

7llolH(162)^ ^1^ S^^l^Ei^- ^jg^cj-. 7Ho]E(i62)2l 7)|o|e zjoj^ ^2.5] >g Tflol e (161) Tflol 
— ^°l-!i4 zjji, ofl^cfl i^an o| -g}- 0.02/m o)aj-o. s ^g^^c}.. o)o)] 4^ Aiaj A )2f u]^e>jA)sl ^^.H a]* 3.A] 

ol-S- A o^l^c)l Si0 2 SiN ol^-ol^l ^^(165)011 2l-3fl #^^4. ne)ji, o] #7V5j-(165) ^-¥-oflfe 

Si0 2 «4SiN SEfe -I-elo] D |c^ o| *[olBl- ^Bf)om., ^]^cfl W> Al<>m CuS ^S" 

«11^(£A] xijef)ol ^^^}cf. 

fflS-El -a °J^(MC)2l- LVTfl H^^l^E-1 oJ^(LV) ^cH^ £ i a ofl ^-3i3] 7^)1 £.7} ^-el oje^ ( 

166)«1 LVTll e ^xl^Elsl- HVT^l E^fl^i^Ei o|^( H v) aVo]^]^. £ 2 7b<Hl S.a| Q v}<% go. ^.3.3] z\]2 

oj^ (167) ol %^^r^. 

LVTll HsH^l^Ei oj« (LV )o| ii/HeH°l| ^-av^ (160)01]^- seje 1-^(168)7} ^^^4. f^H -g-elzi(l68) 
"1)^(169)0(1 £tK HVTll SSfl^liEi ^^(hv)^ ^^/c e1 |o]^ Sl-Aj-^ a60) o|]i. ? eje -g-E^(170) 

7> ^^-^4. -g-BlZL(170)fe ufl^(171)oll ^^cf. 

S. 49ofl £Al&V Ajaj e ^i^E-ji^ Dfla.el >g e^^^Eifil- -&oj^. 7)] o] e ^-^-0- *fl@js}:ii ojcf. o) ^ o. ^eh 
S$*|^El2l- D112.B1 ^ H€^l^El-5- &-Tf--5>7l ^tb ^^o-S- t= 7412: B\&o] ^Q^t}. SE^, 

^ 5Ucf. 
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£ 49°fl ^i°)l $lo]A] 7\)°)IL7} ^^S)<H 9X*\ 7l*( 150)^«>11 ?)HB &*m*) ©fee*. 

S. 50£- S. 49°)] ^£21 ^^IC- SAl^cf. a^H^i- £. 49°)] S.*\$t ^of) nflafl nflse] >fi °3 ( MC ) °fl •*! 

2] *)H ;HHS, LV^] S^^l^El ^(LVHl^ LVTl) ;HMH, ^ HVTfl HS^l^ <^«(HV)o{l^e) HV3] 
21 ^27f ^olsl-jr, =LS)^ %-<i}-°W. 



*fl°1 7)lo]H(172HH£r >£.£*)] 71^(150)^1 ^ ^ 7)H;e ^^(lSD-a- -§-°fl tiflS-B] 7fl<>m(161)oll><-l2l 7)]o] 
H ^(154)<>1 3l#^nf. n ^$H] ^^e]-(159)ol -g^c].. LVTfl 7)MH(173)°)Hfe aV^xfl 71^(150)^ 

ofl LV3] 7)]°]H *d<g5j-(l55)£- *-all rifljiel >§ 7)]o]E(i61)°)H2l 7)]o)s. ^^(154)^1 q^^. =L ^ 
^^(159)ol ^^^cf. HVTll 7ll°lH(174Hl^ >&S.*)] 71^(150)^1 HV?1] 7)]o]e *i<asl-(157)-£- ^-afl n]].5Lel 
€ 7flolE (161 )oflA^sl 7flo]E ^=(l54)ol ^#^4. n ^°H°11 #«j ^^^(159)^1 *§^€t}. ^, £ 49°iHxr ^ 
£ 3]£.-g- T^SHr e^xl^Eiq- aiw* e^^^eIS Dflael -isf ajf^ 7flo]E.Q. £ 504 7)1 



£. 5l£- £ 49°)) SAl^ ^Sl cj-g. -STjoil-g. £A]t!-E]-. <^7l°)].*l£r £. 50°)1 SAltb -?-S°ll cflsfl e^^e! cg<Sj 
21 7flt>m ^^l ^21 <g«Sl v^f^ al£^l 7)#(150) a)4wVfe %o] ^olsj-ji, ZL 9]^ a 

S. 49 ^ S. 50°flAi^ Tflols ^^.a. ofl^^ <§SH)^ TflolB ^^h^-o. o^nl S. 51°)] £a)^V £<>1 

71^(150) #<3°)1 TflolH ^^ej-o. 

£ 49°)] 5U°H2) pflael <fl <8^(MC)=|- LV^l HsM^El °j21(LV)2] 3 ;WBS)2] £ 52a~£ 52h°)l 

SAl^V ^§ *]]£]«}- ^ 5fl4. <^7lA-l, LVTfl Tflole ^^51-4 HV^] Tflole ^^BJ-fr v\)3.Z] ^ 
^(MC)3|- HVTil H^T-l^e] ^^(HV)2l 7|7ll^-(BS)°fl5E. <>lt ^Sfe ^-g-^ ^ Sic)-. 

^ ^-#21 tj^jsI ^sfe ^-^sflS =| jl, #±«tl tcfe}- cf^. t.£2l ^Cf. SE«1 Z}Z}-£1 ^7))^- 
CBS)ofl Siol^i ^-xj-^deo)^- ^^s^l ^ fas sfli ^cf. 

£ 52a°l) ^^l-¥-(BS)^^^-, £. la°1| IL*}® =f-2iQ -g-el <8^(166)<>1 7l^(150)^ofl ^^€4. 

"9^(166)21 7l^;(i02)^o)l 4:^/=ell<y^ SK]-#(160)°1 i7>^-el 9j«(i 6 6)2l e 

55*12] 7^<H) fe ^5. -g- 3- Sfl^l -S-S-^S cj^7> ^^€4. °leit>- ^/fl^(BS)2l 7fl2:-g- ^^^-0.5.^ STI nfl^ 



£ 52b°ll £Altb ^^l^.(BS)oflAlfe ( j£ 52 a ofl S.^)^ ^-2i°H <&o]*\ ^7} ^-e) <3<*(l66)-§- S°l TflolH ^S7l- ^ 

^€4. O] TflolE f 2 H ^^)«.(BS)21 Ei-i 7)1 0|E ^^E}-(151) ^ LVTll 7)| Ol E ^«g^( 155 )^] AjEM TflolEd 

62)21- ^.3. §^ «8^(166)-8-oq ^aj^(i52)^- ^S]^ ^ p])o] e (162) <4 ^^^v 

©IE]*!- ^7il-?-(BS)2l ^-^-0- 5fl@{-g-O.S.^ STI "l|^-§- ^Al7l J7, cl^l^- ^S)-^ TflojE 7 }^.a. 



£ 52c<>)l £a]*1 ^7)l-¥-(BS)°)l^fe, £ 14a*fl ^"QQ &e] ^^(i7 5 )-g- £ 5 2 a o)l Si'H^fl dt^f 

^■el <g^(i66)2l- ^^^-cj.. ols]^. ^7)l-?-(BS)2l f£§ STI2) ^^1^ 

S 52d<Hl £7.1^. ^^^-(BSH^ife. £ 52bofl ?2«fl ^^(166)-g- S. 52c°)l S.*m ±*\ 

^^(175)21- i!*)lf ^^cf. ol e)^ ^7fl^-(BS)2l *B @j $-0. STI21 ^oj-a &^a1^] 7)]o]e 
«3>fl 5fl=h 
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£ 52e*l] ^JWBSWMfe. S. 2a°fl 51^ £ ^ Tfl-ftBS^ 7 }%{ 

150)^-<>ilfe "fiS-Bl fi <a^(MC) 3 LV31 e^a]-^ <3^(LV)S1 tIHh ^iS] ^-Aj ^fiS ^Sl^r ^2: 
(176)7> ^£4. 7l]olH ^-^(176)^ SWI. 71^(150)^]^ "H-Eel >i <^^(MC)^-°i] =li^^-(151). LV 
3] e^a^e! <3<SULV)^-°1] LVTfl TflolH ^<g^(155)<^l 1^^(151) ^ ^^^(155)^ 

(20), •if^N ^^^"(159) l-ol 7fl°lH ^2:(176)S) OcHMH 7l#(150)^°flfe 4ii/H.el]°l^ ^V^(160) 

°1 3t1]-¥-(BS)21 ^£-n- zimgO-sL*], 7}^-§- ^Tfl «M STH 7]«yt!- 4 5U 

<4. 



£ 52H S.*m ^^^.(BS)^l^fe, £ 2b°n ^2H% f.<aj^ ^-^(BS)*! ?2S 3 ^(BS)^ ^<y- 

°1W 71^(150)^°!)^ *\}2-£l IS <3<3(MC) ^ LVTj] S^^liE) ^^(LV)^ ?\}o\^ ^ ^SS "^Slfe 7fl 

olH ^s(177)7> ^^flnf. TflolE ? . 2 . (177) oil 540^, 71^(1 50 )>5HH ^SLe) ^ eg <*j (MC) .&ofl 3^ ^<a^(l 
51), LVTfl H^^e] <g«(LV)^-ol] LVT^l TflojE ;g<3ej-(i55)°l 3^ ^"3^(155)^^- 7lWH( 

162)21- *^J# 3# TflojE =J-3l7\ «g^5]JL, LV3] 7]|o)e 155)^^] LV31 Tfl 156)2} §l-# ^7> <g 

^€14- °1 Tfl^lS ^2:(177)2] ^<a^(159)°l ^leltl- 7j^|-¥-(BS)Sl ^-S- *fleiU-.2..£.*1 

HQ STH1 71*1^- g-^-g- Sjjt|^ ^ 



£ 52g°fl HA]^. ^Tfl-^-CBSHH^-, S. 15a°fl £^1^- ^£2} -g-<|Jt!- ^Tfl-Sf (BS)3 ^S-g- 7)^(150)^1^ 
£.^-■¥■(178)71- o]e]«. 7j^|«-(BS)el ^21- *1] ^ o. c-jiB-g ^^-S]-^ STH 7l<>]£ -g-^-g- 

4 Sl^f. 



£ 52h^l ^^]-¥-(BS)^^^, £ 15b«H| 7flolE( 162 )fif ^-Q}^ ^7} SAl^nf. oJ 7 l«HMfe 

^°<HH H>£^1 71^(150)21 S>a<Hl ^.^-¥-7> ^^5l»l i 15b2l- n>^-7>^S. ^^SflS ^Cf. =L5)SL, o] 

TflolH ^ 2 o)l o|<HA^ 71^(150)21 ^-a^ ^ #^#01 3]^ ^SVcl-. olelt!- ^ 7fl-f (BS)2l ^2: 

«- 7flo)e 71-g-ol -g-olsj-ji, ^^S}.^ STH 7]<yt!- l-^-§r S|3l§H 0 H^^ ^ u].-- ^Al*) 



£ 53a°im "IIS- El -i2l TflolEAj-ofjA^ cflolE^ ^i^^l 4^*1 "i! u 0 ^o1M121 ^^o] ^Al^cl-. £ 53b°im ^ 

H^Al^EiSl TflOlEAj-^Ai CflolEi ^^^1^] ^3lO] M 0 >t0ll^2l CJ-^OI SAlJgl}. 



£ 53a. £. 53bo)l u}s$- Qo], i4 ^-el <^^(301)°fl 2lsfl 7|^(150) ^ 7flo]E ^^-nj-sj i^xgo] Qo)v±, tcf- 

^ A i. TflolE ^<^Sl-(151)-a- "^^SW ^21 ofl^OS. i7} ^-e] <^^£l ^#£1^1 ^jl, Tfl o] E ^^. (154) 

°1 7l^;(150)2l sf^ofl ^ 51 -g- n)]S.el -i * E ^^^E^Sl <y=#oflA^ « 0 Va|^- ^ o^Cf. o)fif ^-ol ^ 

4:7> ^-Sl "3^(301)4 TflolE ^<gej-(i51)2l ^^Hl^s| ^ ^^o]t4 <QtH}x\7} aj*^ E^li6)7> ^> 

^-5>7l Ol^Cf. ZLSlJl, a^c h )3<H 1 7l-y«)-fe 7l<y ^711^)21 A^f ^Aj-o] Aj-O)^ fl 3 ^Aj-o] ^^^71 ^Bj^A^l nfl 
-g-o)l iLCf AJSI^OI ^ E^fl^^E^S- ^Aj^ ^ ^4 



°H^, S. 54a S. 57c-g- ol^-SM £ 49*11 ^ ^Al ^Eflal -g-^^-Aj a}^] 7)^ ^-A]Sl ^2: ^^21 ^ 

sflO- -a^tlrcl-. -T-Al, «V£*)] 71^(150)2) i^ofl s)^ ^^(£^1 ^ef)-g- ^Aj^ «j ^.g-olu). 5fl^ 

^^.oii t4Ei- ^<a?i- ^, s\ a§ ^>2i-5i-a- ^171^. 

oH^I, S. 54a«>ll uVfif ^-o), 7l^-(150)^ofl ofl^cfl 3nm~15nm -^^s. ^ A]e]^. a].^^ ^. a1u j. 

fl.EEl-ol^^o_ s ^|o|E ^^^(151)-S- ^-£1}. olc^Ai, o)l^cfl l-5l4l2l€-a- 10nm~500nm S) 

^-°'H ^o-l- ^«l#(152)-a- ^^«rcl-. 
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°]<>H, 2. 54b°i] EL*}®: ^o], n)]s.e) >S ^(MCH S)xr I£i!|^liEf (180)^S §2, Zi 2] 

si 7ji©iE *m 01 t)]oih *t<a^-a- ^ww. *«a-& -f-ei &w <$%°m rie f-si ^ 

5J<>H£. £cj. ojo^, s. 54c°11 51 m>s>J ly-oj, aV£jJ 7l#(150) ^cfl 5nm~50ra2l ^M|S 

<H*! ^al€- Hfe ^-Alu+olHefolcBio.^ o] =oJa1 H V^1 BsH^e^ ?\]o]^ *|<3°Ki57)-a- >g^^-cf. 

°H-*1, 51 55a°l] 517-]^ *42f ^©1. HV31 SsH^l^ei ^^(HV)-i- i£Efl*l^H#(181 Qjl, n 2J2J <?! <3HH 

HV3] S^xl^El <3<3(HV)S1 TflolH li'd^-g- ^l^cj. °1°H. £ 55b°fl 51^ «}2]- «J £ *)] 7)^(150) # 
«l]?icfl fl lran~10nm ^M2] *JeJ^ -tVSj-eJ SE-tr ^Ii^oIeeJo] e njo..g. o)-^a] LV ^) Tfloje ^^^(155) 
^W 1 *. ^eli zi$W *M4\ g-el^el^-a- 10nm~500rai^ ^-^5. 33^4. 

e>l nfl. DflSLEj 4 «g^(MC)-& LV*| + 7\)°]B. ^"3^(155) 35 ?fl°lS 

#^-(182)°l 3|^?2£- 31th nlel ^^£)o) HV7fl e^^eJs] #]o]^ ;g<gsj(157)2l Bj- ^Tfl 

£ ^Hi-I}. °} 7 H. 'flS-Sl ^2] 7fl°lH LVTll H^)iEl2| 7]]o|E ^o. Aj-cl^ .g.^j ul ^ A^gfl 

£ ^cj.. neju)-, -g-^ ^ -^<y ej ^e).^ 7flo]H ^t+. 



°1°H, 3E. 55c<H] £Al^ ^-ol, LV31 S«a*l=i3 ^ HVTll H^l^S] <g"3(^ig 3)3. l£5^|iSf 
(183)O.S. gal, n 2] <$<*9) t)]o)e *m % 7l|o]E ^ajej-g- *]7]3M-. «U 71 *8-<S£- ofl^j ^-oj =^ ofl ^ o] 

M- RIE f-2) oJhjaj ofl^ ^ o]± sjojojs. <gnj. o] n}|, £M?||^iEf( 18 3)o) «^«. 7 ]. oDae) >g <g^(MC)ofl ^el 



oH'M. 5. 56a°)l u)-sf ^-o), I£ell^iEA( 183 )A a)]l n>i3.^(i84) ^ A2 4^3^(185)^- 

S)^-^. ^11 °>^a^(184)-8- °ll?icfl -Me)§- ^^b]-o1jl, ^fl2 ^2#(185)^8r ^tfl ^e)^- ^•^c>}4. o]<>|a^ 

3£S°>ii3.#(186), ^12 o>^H#(185)^- ol H 0 ^ <Hl^<H| 2lsfl ^|7H«- Jft, afll 7)|o]e ^^-(152,182)-^ o]*& 
^ «H)^!<H1 2)^1) 47)^. 7^]#«flAi ^a). ^-e] ^Aj-g. 7 ]«-(150)-fr <H]^S><^ afll « ^fl2 €:Ej 

i^V S^^ISI 3M^r oll^cfl 50nm~300nm 



^a}^ £ 56b«>Il SZoj^aj ^.^jq. o^j ^^oj] ^^^^ ^^cfl 10nm~300nm 3)51, HV^^Tfl^ 30nm~100nm ^ 
SLojcf. at!-, i7>^5) cg^^ ^Jf2] ^^<^ uj-ej- t^l"] , °13£r ^2] ^<goj- 

LVTj) E^^A-E12] 7flo]E ^o^nf.32f HV31 7)1 o]e ^<gs^- ^.^]o| ^>o]^. «V^s)-<^ 7)1 o)e ^<go|o] gj=^. 

4lAf ^BlS] ^0l7f ^^Alcf. 



Ja3J1, ^Bl^ Aj.jj.al. f-2] ^El f-a- "fl^^ol, CMP f-21 « 0 V^ O.S. ^fll n>iH#(184)-& ^ 

«H °l]^^-2- ofl^j^-nj. ^7.} -g-H] ^^|«-(BS)^ 4iAf g-e| aol 7 > -go}.^ o^ 7 | nfl^-ofl nfl^Aj o. ^jr^uj oj) 
4i7.)- g-e] ^<3bJ2) aj.«.^ ^joj jg^AlcJ. xfll n>^ a ^(i 84 )-g. aflTl^Jl, LVT^l e ^fl^l^Ei <g<3(LV) 
^ HV7)1 S?i]A)^Ei <g^(HV)2] am 7)1 o)E Aj^-( 182 )A AjSf ^Aj^ (152 )^ ^-.y^. nj ^.Cj. ZZ ^, i7} 

^•el H^a)^ nfl^^. ^ojoj-a- ofl^^-cj. o] nfl2) ^aJ-A £ 5 6c<H ] ^AltJcf. 



«1<H^, H 57a«H £A)sj uffij ^o], o)]^cfl 5nm~30nm ^°12] Aje)^ Aj.3j.ej. ^.a)i4o] esJoJcoj £ - 
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B J£*H 7)^(150) ^^ofl 7i]o]H ?i^-(154)-S- £J3^4. TflojE ^(154)^. 43:3 AJel^. IEfe 43^ -33 
^4 -g-^ -x-& ilel^i}- ^ Sj-^-B-4 2£fe ^ ^3^4 Sj-IM-sl ##4°-5l 01-^:514. ^3 

jL, 10im~300nm ^5- *MI4 a3el)s SEfe ^el€- 3)440.5. o) ^-o^^l 4^3 ti<a4°l 3344. o]o]x] : 7)) 

olH 7>**M 4"& 3£SBl)^l^E#(187)-S- 3344 ifl^-g- ^44. <>144. i-£.tf]4^H#(187)-a- 4^ 

3.5. 4<H 7|)ole ol« o v^ ofl jjj^-c].. o}o]a^ %.o_g_ 7}^$] 444G 3144^4. 



°14 A i S- 57c^ £.4*}. 44 £4, 44 ^HS 4*3 ^^^(lSQ)^- ^444 sj-a]-^ ^°J44 ^ 

^#(160)^- «£444. °1 "fl, ^^]-¥-(BS)^ 44^H-Q- ^- 7 )^ o>i, ^7i)-?-(BS)s] ^ojE 3^ ^ 
7i44. nela. 8J-Sft£.x+ #4 4-34, ^SjH #4^1, «H4 *§4-°1)4 51 47°I1 514 4 44 ^ wv £ 

*ti 4*1 -& 44444. 

£ 44 ^EflSl 7fl2: MJ-HH 514*1 £. *fll lfl4 7fl3 44 -^Efl ^ 7fl 4 44 <g ElH $1443 ^^o) -g^.g. MQ 

NOS 4HfSl 14 °144 3°fl4 vlQy}*]^ <g-A. ^ 544. 

(^16 44 ^Efl) 



4 44 tgEfl^. £ 58<H] J2. 4t114(BS) e>S4|4Sl #4 ^27} 514^1 44 44 MONOS^ 4 AND 

EEPROM°)l 3444. £ 58* £ 35°fl SIA^ ^-^S] g= 4-g. ig^oflg]. «j. ^ o}4 o^HM-b ^]S.Bl 4 <3<*j(M 
C)4 °ilS.e] 44 Aiej e <3^(STR) 4°H 4 7)14(BS)7} *|444. 0} ^^]-?-(BS)^b £ 40g, 51 

15a°\] ^SiQ o>^. 7 >^lS. 71^(102)31 5.^-?-(136)7> ^Aj^cf. ^ ^-^-(135)5. ^ n)lS.el >g 

(MC)#°1H 71^(102)^^1 E^g Tfloje ^<gn]-(103) ^ ^-31^(104)01 ^^€4. «l-#3lS>7flfe AJEH E^^] 

^EKl28)2l Tflols ^o^^a- LVTll TflolH ^<a^(113)4 ^-f-^-S. ^-g- 7V^«j- ^ ojcf. nfls-el >g 
21 §-7} SlS^ £ 43 SEb £ 44<H1 S.A1&V w}9\- %%]^-(BS)3\ ^2i~ JE 40a~£ 40h ^ «>lfe 5J 0 l°l£ 

^•'S^r ^ 71-^-21 -g-Ol^- ^o) ^oflAj H>^-aJ«. AV-g-^- ^ sflcj.. 



Ale) BSSAliE^ THolEAj-^A^ nflolE-1 ^3)0] ^S^oflAl^ 



£ 59a. £ 59b<>fl £Al^- u).<4 ^-o], ^ «.el <3<3(302W] ^ «fl 7]^-(102)Sl ^^0] golcf. nJ-SM, ONOel-(131) 

-S- ^Ajs). 7 i ^o] 6q^j o. s «-s] <g^o| i^sq*l ^ji, Tllols ^=(106,108)«1 7l«(l02)s) 

*V#°fl °i)2.Bl f H^A|^Ei£] ^oflA-1 bj-^1^- ^ ^cf. al-efAi, 71^(102)4 0N0el-(131)2l ^ 

*I«HM*I 7l|olE |fom ojT)]^ e^liE-171- «^^7l 0)^4. Hl^ H) 3 ofl 7l«y«l-b 7l ^ °J 

7)1^131 ^Aj-o] A>o|H $13 ^Aj-ol tt4«|-7l <HBl^Al7l nfl§o)l J^cf Al^Ajol E^l^Ei© ^Aj^ ^ ^4 



Aisj e^^i^e^s- mos ssh^i^e-is. «-o.s.*i, §-^i--a- ^<a- ^ssfl^iiL <a tii^i si ^^oi si^^ci-. 4^ 

^i, ^ISJAJOI ^-o. ^-^yJ-Aj DJlS-El-n- ^ o^Cl-. ^ ^A] %EfloflA^5£ ifl^l ^3 ^Al ^ Efl §J ^ 4 ^A] ig Efl<q. 

Jl4-S- ^a- ^ 



^21^1, OlA^o, 2J. -^EH^Ai^ S^Al^E-loil OJ-Ai DflS.e| -g E^^^^^J. ^^^0.1+, ^ 

^ o]5j^ S ^S)4 US*-*) ^ SIS. H^A|^E1<1- *t^<%5L €4. ^fl4 -*JA) *gE)|£] ^fl^l ifl6 AJA1 -^Efl 

oIHfe oflie] ^ «g^(MC)4 LV7^1 B^a^e] <^^(LV), HV7fl HsHaJ^e-I <^^(HV)4LV?)1 H^aI^e-I ^^(L 
V)o] 4Z}- ^7fl-C- Aj-ojofl ^jt oj^sfl Sicf. ZL^i4, <g^S] o]^ Eflo^o. ol^J o.. ? . ^5)^1 &On} ofl^ql ofligj ^ 
^^(MC)4HV^1 e^i^eI ^^(HV)c-l ^741^-0- Aj-olofl =ji £4. 
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'B'Sfc ?M. -g- t^oi] t4s^_ ^jojE ^o^S] ^ ^ g:fe ^ -S-o]^. M^l^elQ 

>££*11 Sa«H^. ^ 0 ]H ^^^-S- -g-e) B^*l ^-^ofl §-rr*><^ 3 7f]-?.(BS)S] T 1 ^^ JlttW 

3^, 4-<>l«:2¥tt °l-tfs] TIMS ^<a^-a- ?>fe >&5E*fl #*lvflS) E^fl^l^^ aj^c) 3 gj.- 7j t)1 JjHBSH 9X 

°W. £^ 7]]olE 3^0] g fr9] as^AA 2 o^i^, ^Sl^ol £-3. E^i 

M] <=r Sicf. ^.e]Jl, €^ 7l)°m ^<g^o.^ ONO^-i- Al-g-fc 7j-f ofl^ -g-5}<=HH ON 

(57) ^^2] 
1. 

^]<H] 0*0^, 

*)U «J 2)12 <m^- «4 m cg<* A)-o]o)]a-] «g= ^ofl ufl^j^ ^S^-fr 5Hr <&5E.*)1 

^7] 2fll TflojE ^^..g. AJ.OH) - ji >£ 7 ] ^^^^ j^ol ^-^4, 

^-7] 2)12 ^^vfloflAi ^-71 ^S^^Hl ^^S)Cl Aj-71 TflolE ^0]^. ^ 7 fl^ ^ o| ^ ^ 

°ls : M ( Sh1"j4, 

^7) ^)2 7flo]E ^-o- AJ.OH] ^J7 AJ-7] ^S^vHofl ^A^^J i^-ol 7fl2 ^AJ-^JI^ 

^71 ^7)1-?.^^ -^^^1 « e] oj« _^ 7] ^ oj^ ^ -ioj^o,, H^^lsf. ^7l Hiffl^lxfloil 

2l-aol7>^ol^- «_ ^1 "t 

^T 1 ^ 2. 
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-i]r^°n s*°w. Ejg^si x. ^sj=2i -g-s. ^j7, ^ 7 i #7] aju s 7i]2 «§^-a- <ai°Rr 

#o] lOOnm-lOOOOnmolJl, ^7l ^ «-o) ^ ^3.0.3^33 ^.o^V 10nm~300nm?l oj-fe 

3. 

IMHWSI Q-o] 100nm~10000nmoljl. ^7] ^-§-AS-?-E^ ^o]?} 10nm~200nm°J 3fe 

^T 1 * 4. 

*HHM &<>H, X]l * X]2 XMS. ^^u^ Snm-sonni^ ej- ^f-X] X--Q- SJ-JL, ^7l H*a*|£) S?) X]l ^ 

*112 ^ 5nni~50nni^ fe°)2] X-& ^ s^o S §>fe aV£X1 

5. 

X]l <8«^2| -S-7] 7fl3 ^"71 7fll ^-§.°1 #010], >£7| X]2 "3°^ 2] ^-71 X]3 ^#-8- -^-71 7^2 

^t 1 * 6. 

X]HM ^71 ^7)- ^-51 ££.5=- 7flo)E ^2;7> ^Sjjl, ^-7) TflojE ^-7] >(! oj^^o^ 

X| ^71 71)1 TllOlE ggo). ^ ^-71 XU 7l]olE ^q-o] ^^Sf ^ 5) 3^ ^.^-g- i*J-s]-Jl, ^>7| 

7fl2 «8«^S| ^ofl ^"71 XI 2 Tfloje ^.goj. r! ^7] ^ 2 ^^-2] 3# ^2i2|- Q£r ?5 ^ feoja) =f-3i 

\i i«-o"l-^ 5J-g- ^ Sf^ «V.£X1 #*i. 

^T 1 * 7. 

XU*X| &°H, ^-7) XU TIME ^^.O. ^ U ^^.#4 ^ ^^"#-2; ^-71 X| 2 TflC-lE XJ^-O. ^ 

2 XI 2 ^ ^71 XI 1 ^ 7^12 ^^-#^8: £^5}-<H1a1 -S-afl^Jl, ^7) X)l 

5 7fl2 S^^lT-i -B-Efls)-^ a^o S s).^. «V£X1 ^1. 

« T 1 * 8. 

7)]1*J-°1) Sl^T-i, ^-7) XU 711 olS ^SV 5>^r l-fl^ e nflS-El -i e ^j^i^Eio] ^oje ^=0)0], # 7 ] 

7fl2 X)o]H 7i^-8r ^ S sa^^E-121 7l)o|e ^^-o] a^o S g|.±=. tiV^X] ^1. 

^T'-iJ- 9. 

«VHX1 ^)<H] ^ol^-l, 

XI 1 51 7)]2 ^71 X]l 7fl2 Aj-oloflA^ <y: ^o^ofl ^§>ol nfl^^ ^X)-¥-S ^ hV£X] 

^7] X)l <g«lfl°iH ^7] ^a^^ofl Xll TflOlE ^^nJ-JJ)-, 

^7) X]l 7flo) S *3°isHH] cg^sio] ^ ^^.#4 ^^#-2- V«l-o-f^ Xll TflolH tt^, 
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-8-s8«— a*. 

^7| ^2 ^q-P- AVo]^ Aj- 7 j ^ILiSMH 1^-31 ^12 5^#*h 

^7] ^tH-^MHH^ Aj- 7 ) ^S^H] c|Aj;g TflojE ^ 2 _Aj- 7 | 7^0] E Aj- 7 ) Xfl 1 * *fl2 TflolB Sj^B]-*} 

*MW -^^^ *fll -°>^ 

-□- si -a- ^-^a. s->^ «v£^i 

10. 



s-^l O.S SKr HV£^1 
^T 1 * 11. 



^llOIH] &<>H, ^"71 ^7fl^-vfl£l Aj.7] 7flo)E ^3.0] Aj- 7 | ^ J^f^g. ^J.7) 7fll <^«m^ Aj. 7 ) ^ ^ 

12. 

^« *H2 H*!^, Aj-7] 7fll * 7fl2 ^ ^^-^^ te^o,] -fi-eflsl-ji SE«- ^7| ^11 ™ 7fl 2 
^T 1 ^ 13. 



*fll2*<Ml Ji^Ai, ^jolH ^£x4HH, ^7] X]2 ^J^^ ^ ^7| ^12 S}^ S^^sl ^7] XU 

^^t 2 -^- 14. 



Afll2^0i) O^olAi, Aj- 7 ] ^o!^ ^vflo,)^, AJ. 7 | 7fll * 7fl 2 Afolo)] 7j o] ^ ^ £] J7 ^7] Aj-^ O. 

15. 



^19^0|] Oj^Ai, A^ 7) ^O^H ^ AfoH ^J, A^ 7) ^ilgvflo]] ^Aj^J J^-O! ^3 ^.AJ.^0. 3 ^-^J, Aj- 7 | ^ fll 

9J«^2] Aj. 7 | 7 1]3 ^.AJ._^0. ^. 7) SJ-A).^ ^ o1j , ^J. 7) ^ fl2 ^^^.^ AJ. 7 | ^3 ^.AJ.^0. ^J. 7) ^. Af 

^-o] ^o] 3j.o_ 4..^ o.^ 3j.w ^ 

16. 
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